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ABSTRACT

The West Lake Landfill is located near the city of St. Louis in Bridgeton, St.
Louis County, Missouri. The site has been used since 1962 for disposing of mu-
nicipal refuse, industrial solid and liquid wastes, and construction demolition
debris.

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill. The radioactive material resulted from the processing of
uranium ores and the subsequent sale by the AEC of processing residues. Pri-
mary emphasis is on the radiological environmental aspects as they relate to
potential disposition of the material. It is concluded that remedial action
is called for.
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1 INTRODUCTION AND BACKGROUND

This report summarizes the circumstances of the radioactive material in the
West Lake Landfill (Figure 1), in particular, the radiological environmental
aspects as they relate to potential disposition of the material.

The West Lake Landfill, Inc. property is a 200 acre tract in Bridgeton,
St. Louis County, Missouri, on the outskirts of the city of St. Louis. It is
about 4 miles west of St. Louis' Lambert Field International Airport, near the
intersection of interstate highways 1-70 and 1-270. Limestone was quarried
there from 1939 to 1987. Also on the property is an industrial complex where
concrete ingredients are measured and combined, and where asphalt aggregate is
prepared. Since 1962, portions of the property have been used as landfills for
disposing of municipal refuse, industrial solid and liquid wastes, and construc-
tion demolition debris. In 1973, soil contaminated with radioactive material
was placed in a landfill there.

The radioactive material originated with uranium-ore-processing residues which
had been stored at Lambert Airport by the U.S. Atomic Energy Commission (AEC),
and which were sold in early 1966 to the Continental Mining and Milling Company,
of Chicago, Illinois. The AEC's invitation to bid listed the following residues
for purchase: 74,000 tons of Belgian Congo pitchblende raffinate containing
about 113 tons of uranium; 32,500 tons of Colorado raffinate containing about
48 tons of uranium; and 8700 tons of leached barium sulfate containing about 7
tons of uranium. The material was moved from the airport during 1966 to nearby
9200 Latty Avenue, Hazelwood, Missouri. In January 1967, the Commercial Dis-
count Corporation of Chicago took possession of the residues to remove moisture
and to ship the residues to the Cotter Corporation facilities in Canon City,
Colorado. In December 1969, the remaining material was sold to the Cotter Cor-
poration. In the following four years, the residues, with the principal
exception of the 8700 tons of leached barium sulfate, were shipped to Canon
City.1

In April 1974, Region III representatives of NRC's Office of Inspection and
Enforcement visited the Cotter Corporation's Latty Avenue site to check on
the progress of the decommissioning activities being performed there. This
inspection disclosed that in 1973 Cotter Corporation had disposed of approxi-
mately 8700 tons of leached barium sulfate residues mixed with 39,000 tons of
top soil at a local landfill.1

By letter dated June 2, 1976, the Missouri Department of Natural Resources
(MDNR) forwarded to the NRC's Region III office newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfill rather than to
the St. Louis Landfill No. 1. Region III personnel investigated the allegations
and found that 43,000 tons of waste and soil had been removed from the Latty
Avenue site and had been dumped at the West Lake Landfill in Bridgeton, and
that the waste was covered with only about 3 feet of soil.1

Discussion with the West Lake Landfill operators indicated that all of the
material from Latty Avenue had been disposed of in one area; however, an aerial
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survey of the site identified two areas of contamination. The second contami-
nated area is identified as Area 1 in Figure 2.2 Subsequently, the NRC spon-
sored other studies that were directed at determining the radiological status of
the landfill. An extensive survey was initiated in November 1980 by the Radia-
tion Management Corporation (RMC) under contract to the NRC. The findings were
published in May 1982 in NUREG/CR-2722. "Radiological Survey of the West Lake
Landfill, St. Louis County, Missouri."4 In March 1983, the NRC through Oak
Ridge Associated Universities (ORAU) contracted with the University of Missouri-
Columbia (UMC), Department of Civil Engineering, to describe the environmental
characteristics of the site, conduct an engineering evaluation, and propose
possible remedial measures for dealing with the radioactive waste at the West
Lake Landfill. In May 1986, ORAL! sampled water from wells on and close to the
landfill to determine if the radioactive .material had migrated into the ground-
water. A report is being prepared detailing the results of the Investigations
conducted by UMC and ORAU.*

Information from all these sources and from NRC site visits forms the basis
for this report.

2 DESCRIPTION OF THE SITE

Location

The 200-acre West Lake Landfill site is situated on the southwest side of
St. Charles Rock Road in Bridgeton, St. Louis County, Missouri (Figure I).2
It is about 16 miles northwest of the downtown area of the city of St. Louis,
and about 4 miles west of Lambert Field International Airport (Figure 1). It
is approximately 1.2 miles from the Missouri River.

History

The West Lake Landfill has been used since 1962 for the disposal of municipal
refuse, industrial solid and liquid wastes, and construction demolition debris.
Between 1939 and the spring of 1987, limestone was quarried there. Landfill
operations filled in some of the excavated pits from the quarry operations.
Also on the property is an active industrial complex in which concrete ingre-
dients are measured and combined before mixing ("batching"), and asphalt
aggregate is prepared.

The unregulated landfill, in which the radioactive material was placed in 1973,
was closed in 1974 by the Missouri Department of Natural Resources (MDNR).
Also in 1974, under an MDNR permit, a newer sanitary landfill was opened and
now operates in an adjacent area on the West Lake Landfill property. The newer
landfill is protected from groundwater contact. The bottom of the new landfill
is lined with clay, and a leachate collection system has been installed. Leach-
ate is pumped to a treatment system consisting of a lime precipitation unit fol-
lowed in series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.2

Ownership

Since 1939, the West Lake Landfill has been owned by West Lake Landfill, Inc.,
of 13570 St. Charles Rock Road, Bridgeton, Missouri.
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Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2).

The northern area (referred to as Area 2) covers about 13 acres3 and lies above
16 to 20 feet of landfill debris. The contaminated soil forms a more or less
continuous layer from 2 to 15 feet in thickness and consists of approximately
130,000 cubic yards of soil. Some of this contaminated soil is near or at the
surface, particularly along the face of the northwestern berm. Beneath the
landfill debris, the soil profile consists of 3 to 7 feet of floodplain top
soil overlying 30 to 50 feet of sand and gravel alluvium.

The southern area of contamination (Area 1) covers about 3 acres3 and contains
roughly 20,000 cubic yards of contaminated soil. This body of soil is located
east of the landfill's main office at a depth of about 3 to 5 feet and is lo-
cated over a former quarry pit which was filled in with debris. The depth of
debris beneath the contaminated soil is unknown but is estimated to be 50 to
65 feet. Limestone bedrock underlies the landfill debris.2

Topography

About 75 percent of the landfill site is located on the floodplain of the
Missouri River (Figure 2) at about 440 feet above mean sea level (msl). The
site topography is subject to change because of the types of activities (e.g.,
landfill ing and quarrying) performed there. However, the areas containing the
radioactive waste have their surface at about 470 feet (msl). The surface runoff
in the area around the landfill follows several surface drains and ditches that
run in a northwest direction and drain into the Missouri River.2

Geology

Bedrock beneath the West Lake Landfill consists of limestone that extends down-
ward to an elevation of 190 feet msl. The limestone is dense, bedded, and
except for intermittent layers that consist of abundant chert nodules, fairly
pure. The Warsaw Formation, which lies directly beneath the limestone, is made
up of approximately 40 feet of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation. Bedrock beneath the
site dips at an angle of 0.5° to the northeast. Five miles east of the site,
the attitude of the bedrock is reversed by the Florissant Dome.2

Since groundwater moving through carbonate rocks often creates channels for
rapid water flow, the possibility of this occurring in the West Lake Landfill
area was considered. Brief observation of the quarry walls at the landfill
suggests that some of the limestone has dissolved. In a letter to West Lake
Landfill, Inc., the Missouri Department of Natural Resources stated that the
fact that grouting was necessary in the quarry area to block water inflow sug-
gests that the limestone is at least somewhat solution weathered.4 However,
in the draft UMC report, the opinion is expressed that the solution activity
has apparently been limited to minor widening of joints and bedding planes near
the bedrock surface, and that, at depth and when undisturbed, the limestone is
fairly impervious.2 It is not clear whether the views represented by these
statements are in conflict.
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Soil material in the area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2. The division is made on the basis of
soil composition, depositional history, and physical properties. The West Lake
Landfill lies over this transition zone.2

Hydrology

Groundwater flows in the area surrounding the West Lake site through two aqui-
fers: the Missouri River alluvium and the shallow limestone bedrock. Although
the limestone is fairly impervious and groundwater flows in most areas from the
bedrock into the alluvium, contamination of water in the bedrock aquifer is
possible. The base of the limestone aquifer is formed by the relatively imper-
meable Warsaw shale at an elevation of about 190 feet (msl). This shale layer
has been reached, but not disturbed, by quarrying operations. Therefore, the
Warsaw shale acts as an aquielude, making contamination of the deeper limestone
unlikely.

The deep Missouri River alluvium, which is under about 10 feet of more-recent
alluvium, acts as a single aquifer of very high permeability. This aquifer is
relatively homogeneous in a downstream direction and decreases in permeability
near the valley walls.

The water table of the Missouri River floodplain is generally within 10 feet of
the ground surface, but at many points it is even shallower. At any one time,
the water levels and flow directions are influenced by both the river stage and
the amount of water entering the floodplain from adjacent upland areas.

Water levels recorded between November 1983 and March 1984 in monitoring wells
at the landfill, indicate a groundwater gradient of 0.005 flowing in a N 30°W
direction beneath the northern portion of the landfill. This represents the
likely direction of leachate migration from the landfill.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial
aquifer is highly permeable, there will be little "mounding" of water beneath
the landfill. Also, the northern portion of the landfill has a level surface,
and thus it is likely that at least half of the rainfall infiltrates the sur-
face. The remaining rainfall 1s lost to evapotranspiration and (to a lesser
degree) surface runoff.2

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well in the vicinity of the
landfill is used as a drinking-water supply. This well is 1.4 miles N 35°W of
the Butler-type building on the West Lake Landfill.

Because of the extremely low slope of the Missouri River floodplain surface,
rain falling on the plain itself generally infiltrates the soil rather than
running off the surface. The only streams present on the floodplain are those
that originate in upland areas. Drainage patterns on the plain have been rad-
ically altered by flood control measures taken to protect Earth City and by
drainage of swamps and marshes. Because of the relationship that exists
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between river level and groundwater level in portions of the floodplain near
the river, streams may either lose flow (at low stage) or gain flow (at high
stage).

The present channel of the Missouri River lies just under 2 miles west and
northwest of the landfill. The Missouri River stage at St. Charles (mile 28)
is zero for a water level of 413.7 feet (msl). Average discharge of the
Missouri River is 77,338 cubic feet per second.

Water supplies are drawn from the Missouri River at mile 29 for the city of
St. Charles, and the intake is located on the north bank of the river. Another
intake at mile 20.5 is for the St. Louis Water Company's North County plant.
The city of St. Louis takes water from the Mississippi River, which is joined
by the Missouri River downstream from the landfill. The intake structures for
St. Louis are on the east bank of the river, so that the water drawn is derived
from the upper Mississippi.2

Demography

Two small residential communities are present near the West Lake Landfill:
Spanish Lake Village consists of about 90 homes and is located 0.9 mile south
of the landfill, and a small trailer court lies across St. Charles Rock Road,
0.9 mile southeast of the site. Subdivisions are presently being developed 1
to 2 miles east and southeast of the landfill in the hills above the floodplain.
Ten or more houses lie east of the landfill, scattered along Taussig Road. The
city of St. Charles is located north of the Missouri River, more than 2 miles
from the landfill.2

Population density on the floodplain is generally less than 26 persons per square
mile, but the daytime population (including factory workers) is much greater than
the number of full-time residents. Earth City Industrial Park is located on the
floodplain 0.9 to 1.2 miles northwest of the landfill. The Ralston-Purina
facilities are located 0.2 mile northeast of the Butler-type building at the
landfill. Considering that land in this area is relatively inexpensive and that
much of it is zoned for manufacturing, industrial development on the floodplain
will likely increase.2

3 RADIOLOGICAL SURVEYS

From August 1980 through the summer of 1981, the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landfill3 to define the radiological conditions at the landfill. The
results were utilized in performing this determination regarding whether or
not remedial actions should be taken.

The area to be surveyed was divided into 33-foot grid blocks and included the
following measurements:

(1) external gamma exposure rates 3.3 feet above the ground surface and
beta-gamma count rates 0.4 inch above the surface;

(2) radionuclide concentrations in surface soils;

(3) radionuclide concentrations in subsurface deposits;
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(4) total ("gross") activity and radionuclide concentrations in surface and
subsurface water samples;

(5) radon flux emanating from surfaces;

(6) airborne radioactivity; and

(7) total activity in vegetation.

External Gamma

The two areas of elevated external (gamma) radiation levels, as they existed in
November 1980 at the time of the preliminary RMC site survey, both contained
places where levels exceeded 100 uR per hour at 3.3 feet. In Area 2, gamma
levels as high as 3000 to 4000 uR per hour were detected. The total areas ex-
ceeding 20 uR per hour were about 2 acres in Area 1 and 9 acres in Area 2.3
(The criterion of 20 uR per hour is derived from the NRC's Branch Technical
Position, 46 PR 52061, October 23, 1981, which aims at exposure rates less
than 10 uR per hour above background levels; background radiation was taken to
be 10 uR per hour also.)

External gamma levels were measured in May and July of 1981. These levels were
significantly smaller than the November 1980 values, especially in Area 1,
because approximately 4 feet of sanitary fil\ had been added to the entire area,
and an equal amount of construction fill was added to most of Area 2. As a
result, only a few thousand square feet in Area 1 exceed 20 uR per hour. In
Area 2, the total area exceeding 20 uR per hour decreased by about 10 percent,
and the highest levels were about 1600 uR per hour near the Butler-type
building.3

Surface Soil Analysis

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Concentrations of U-238, Ra-226, Ra-223, Pb-211, and Pb-212 were
determined for each sample. In all soil samples, only uranium and/or thorium
decay chain nuclides and K-40 were detected. Offsite background samples were
on the order of 2 pCi per gram for Ra-226. Onsite samples ranged from about 1
to 21,000 pCi Ra-226 per gram and from less than 10 to 2100 pCi U-238 per gram.
In samples in which elevated levels of Ra-226 were detected, the concentrations of
U-238 were generally one-half to one-tenth of those of Ra-226. In cases of
elevated sample activity, daughter products of both U-238 and U-235 were
found.3

In general, surface activity was limited to Area 2, as indicated by the surface
beta-gamma measurements. Only two small regions in Area 1 showed surface con-
tamination; both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations.
The results of these measurements (Table 4 of NUREG/CR-2722) show that all sam-
ples contained high levels of Th-230. The ratio of Th-230 to Ra-226 (inferred
from Bi-214) generally ranges from 4:1 to 40:1.

8
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Subsurface Soil Analysis

Subsurface contamination was assessed by extensive "logging" of holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was detected. A total of 43 holes were drilled
(11 in Area 1 and 32 in Area 2), including 2 offsite wells for monitoring water.
All holes were drilled with a 6-inch auger and were lined with 4-inch PVC
(polyvinyl chloride) casing.3

Each hole was scanned with a 2-inch Nal(Tl) detector and rate meter system for
an initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer. Concentra-
tions of Ra-226, as determined by the IG system, ranged from less than 1 pCi per
gram to 22,000 pCi per gram.3

It was determined that the subsurface deposits extended beyond areas in which
surface radiation measurements exceeded the reference level of 20 uR per hour.
The lateral extent of material exceeding 5 pCi Ra-226 per gram, including
both surface and buried materials, is shown on Figure 2. The total difference
in areas is about 5 acres.

The surface elevations vary by about 20 feet," and the highest elevations occur
at locations of more recent fill. Contaminated soil (>5 pCi Ra-226 per gram)
is found from the surface to depths as great as 20 feet below the surface. In
general, the contamination appears to be a continuous single layer ranging from
2 to 15 feet thick and covering 16 acres.3

Nonradiologi'cal Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth was taken from sludge from
the West Lake Landfill leachate treatment plant. The analysis shows organic
solvents present in the Area 2 samples. Positive results were reported for 25
listed organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The analysis of the
sample from the leachate treatment sludge showed that It had smaller pollutant
concentrations than the samples from the auger holes.3

Chemical analyses of material from the radioactive layer from both areas were
also performed by RMC's laboratory. In most cases, elevated levels of barium
and lead were found.

Background Radioactivity Measurement

Several offsite locations (within a few miles of the West Lake Landfill) were
selected for reference background measurements. Background values were all
within the normal range. The gamma exposure rates were 8 and 10.6 uR per hour.
Radium-226 concentrations in soil were 2.5 and 2.6 pCi per gram. Radon flux
from the ground surface was 0.50 and 0.58 pCi per square meter-second; working
level values were 0.0011, 0.0017, and 0.005 WL.3
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Airborne Radioactivity Analysis

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask (accumulator) method for radon gas, and the second
was analysis of filter paper activity for particulate daughters. A series of
grab samples using the accumulator method were taken between May and August of
1981. A total of 111 samples from 32 locations were collected. Measurable
radon flux levels ranged from 0.2 pCi per square meter-second in low background
areas to 865 pCi per square meter-second in areas of surface contamination.3

At three locations, measurements were repeated over a period of 2 months. Sig-
nificant fluctuations were observed at two locations. The fact that these fluc-
tuations were real and not measurement artifacts was later confirmed by dupli-
cate charcoal canister samples.

A set of 10-minute, high-volume, particulate, air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type building. These two samples approximately equal NRC's
10 CFR Part 20, Appendix B, alternate concentration limit of one-thirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute, high-volume, air samples were taken" and counted immediately on the IG
gamma spectroscopy system to detect the presence of Rn-219 daughters. All
samples were taken near surface contamination. Concentrations of Rn-219
daughters ranged from 6 x 10-X1 to 9 x 10-10 uCi per cubic centimeter.3

Vegetation Analysis

Vegetation samples collected by RMC included weed samples from onsite locations
and farm crop samples (winter wheat) near the northwest boundary of the land-
fill. This location was chosen because water could run off from the fill onto
the farm field. No elevated activities were found in these samples.3

Water Analysis

A total of 37 water samples were taken by RMC and analyzed for gross alpha and
beta activity. Four samples were taken in the fall of 1980 and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross-alpha-activity standard for drinking water of
15 pCi per liter and that was a sample of standing water near the Butler-type
building. Several samples, Including all the leachate treatment plant samples,
exceeded the EPA drinking water action level'for gross beta activity. Subse-
quent isotopic analyses indicated that the beta activity could be attributed to
K-40. None of the offsite samples exceeded either EPA standard.3

In 1981, the Missouri Department of Natural Resources collected 41 water samples
that RMC analyzed for radioactivity. Of these samples, 5 were background, 10
were onsite surface water, 10 were shallow groundwater standing in boreholes,
and 16 were landfill leachate. From these data, background activity is esti-
mated as 1.5 pCi gross alpha activity per liter and 30 pCi gross beta activity
per liter. One groundwater sample was at 15 pCi gross alpha per liter, and one

10
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surface water sample was 45 pCi per liter. Most of the leachate samples were
above 50 pCi beta per liter.3

In addition, groundwater samples in 11 perimeter monitoring wells at the West
Lake Landfill were taken by the Reitz and Jens Engineering firm on November 15, 1983,
and by University of Missouri at Columbia (UMC) personnel on March 21, 1984.
In both sampling times, one well, but not the same one, exceeded the EPA's
drinking water standard of 15 pCi per liter (18.2 pCi per liter in 1983 and 20.5
pCi per liter in 1984). On May 7 and 8, 1986, Oak Ridge Associated Universities
(ORAU) personnel took water samples from 44 perimeter wells; only one (by Old
St. Charles Rock Road) with 17 pCi alpha activity per liter exceeded the drinking
water standard.2

The operators of the landfill, West Lake Landfill, Inc., have an ongoing hydro-
geologic investigation of the site, which also involves analyses of monitoring
well samples for radioactivity and for priority pollutants.4

4 ESTIMATION OF RADIOACTIVITY INVENTORY

Soil sample analyses have shown that the radioactive material in Areas 1 and 2
of the landfill consists almost entirely of natural uranium and its radioactive
decay products.

The analyses of soil samples indicate that the naturally occurring U-238 to
Th-230 to Ra-226 equilibrium has been altered and that the ratio of Ra-226 to
U-238 is on the order of 2:1 to 10:1; the ratio of Th-230 to Ra-226 generally
ranges from 4:1 to about 40:1. These ratios are in accord with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores. The indicator radionuclides for assess-
ment of the radiological impacts of the material are therefore U-238, Th-230,
and Ra-226.

Using the RMC data and averaging the auger hole measurements over the volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi
per gram was calculated for Ra-226.2 For the ratio of Th-230 to Ra-226, the
RMC data3 range from 4:1 to 40:1; data from samples taken in 1984 along the
berm range up to almost 70:I.5 A further consideration is that the material
came from Cotter Corporation's Latty Avenue site (later sold to Futura Coatings,
Inc.). Measurements at the Latty Avenue site are variously reported as up to
180:I6 and about 300:I.7 Some material of that nature might have been trans-
ferred along with the barium sulfate residues. To ensure conservatism in esti-
mating the long-term in-growth of Ra-226, the NRC staff used a ratio of 100:1
to estimate the Th-230 activity. Similarly, the Ra-226:U-238 ratio ranges
from 2:1 to 10:1. This ratio is less critical to the radiological aspect of
the site and has been estimated to be 5:1 for purposes of calculation.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material in the land-
fill was estimated by visually integrating the volume of radioactive material
from graphs and multiplying by an average soil density, resulting in
1.5 x 1011 grams (150,000 metric tons) of contaminated soil.

11
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• Kind of material 1* 2b 3C 4d

Natural thorium (Th-232 + Th-228) 10 50 - 500
_ with daughters present and in
• equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) 10 - 40 200

•
with daughters present and in
equilibrium. (pCi/g)

I

I

I

I

I

I

I

I

These numbers indicate that there are about 14 Ci of Ra-226 contained with its
decay products in the radioactive material in the landfill. The material also
contains about 3 Ci each of U-238 and U-234, and about 1400 Ci of Th-230.
These estimates indicate the order of magnitude of the quantities to be dealt
with, although the estimate for Th-230 is regarded as conservatively large.

5 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies five
acceptable options for disposal or onsite storage of wastes containing low
levels of uranium and thorium (46 FR 52061, October 23, 1981).8

The concentrations permitted under each disposal option are shown in Table 1.

Table 1 Summary of maximum soil concentrations permitted
under disposal options

Source: 46 Federal Register 52061

Disposal options

equilibrium. (pCi/g)

aBased on EPA uranium mill tailings cleanup standards.
Concentrations based on limiting individual doses to
170 mrem per year.
Concentration based on limiting equivalent exposure to 0.02
WL or less.
Concentrations based on limiting individual intruder doses
to 500 mrem per year and, in cases of natural uranium, lim-
iting exposure to Rn-222 and other airborne alpha emitters
to 0.02 WL or less.

Options 1-4 provide methods under 10 CFR 20.302, for onsite disposal of
slightly contaminated materials, e.g., soil, if the concentrations of radio-
activity are small enough and other circumstances are satisfactory. The fifth
option consists of onsite storage pending availability of an appropriate
disposal method.

The material present in the West Lake Landfill is a form of natural uranium with
daughters, although the daughters are not now in equilibrium. As mentioned in

12
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Section 4, the average concentration of Ra-226 in the West Lake Landfill wastes
is about 90 pCi per gram, which (considered by itself) falls into Option 4 of
the BTP since Option 4 criteria are controlled by the Ra-226 content in the
wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be accompanied by
100 pCi of Ra-226 per gram). However, because of the large ratio of Th-230
radioactivity to that of Ra-226, the radioactive decay of the Th-230 will in-
crease the concentration of its decay product Ra-226 until these two radionu-
clides are again in equilibrium. Assuming the ratio of activities of 100:1 used
above, the Ra-226 activity will increase by a factor of five over the next
100 years, by a factor of nine 200 years from now, and by a factor of thirty-
five 1000 years from now. All radionuclides in the decay chain after Ra-226
(and thus the Rn-222 gas flux) will also be increased by similar multiples.
Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if possible, will likely require
moving the material to a carefully designed and constructed "disposal cell."

6 REMEDIAL ACTION ALTERNATIVES EXAMINED

The evaluation performed by staff of the University of Missouri at Columbia
addresses six potential remedial action alternatives, including that of leav-
ing the radioactive material as it is, designated Option A.2 Option D is
the option of excavating the material and shipping it to another site for
disposal. Options B, C, E, and F address different approaches to stabilizing
the material on the West Lake Landfill site, "primarily as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it
is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing an onsite
earthen cell, similar to a disposal cell, and moving the radioactive material
into it. Under Option F, the radioactive material would be left in place and
separate slurry walls would be built downgradeent of Areas 1 and 2 to con-
strain groundwater motion. The estimated costs of Options B through F range
from about $370,000 (Option B) to about $5,500,000 (Option F) in 1984 dollars.
The estimate for Option D is about $2,500,000, but this does not include the
cost of transporting the material to another site and disposing of it there; in
the staff's judgment, this could increase the cost by as much as a factor of ten.

Further studies are necessary to determine the most practical approach to
disposal of this material.

7 FACTORS CONTRIBUTING UNCERTAINTY

The presence in the landfill of other substances listed as hazardous by the
U.S. Environmental Protection Agency raises Issues of whether the waste is
mixed waste (i.e., both radioactive and chemically hazardous), and whether
the landfill oust also be disturbed to provide for proper containment of the
chemical wastes.

The manner of placing the 43,000 tons of contaminated soil in the landfill
caused it to be mixed with additional soil and other material, so that now an
appreciably larger amount is involved. If it must be moved, it is not certain
whether the amount requiring disposal elsewhere is as little as 60,000 tons
or even more than 150,000 tons.

13
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Because the controlling radionuclide (Th-230) has no characteristics that make
it easy to measure quantitatively in place, as can be done for the Ra-226 with
its decay products, the large but variable ratio of Th-230 to Ra-226 and its
decay products makes the delineation of cleanup more difficult. When the ratio
is so large (20:1 or more), even a small concentration of Ra-226 in 1988 im-
plies such a large concentration later that it will be necessary to employ more
difficult measurement techniques to confirm that the cleanup has been
satisfactory.

Any possibility of disposal on site will depend on adequate isolation of the
waste from the environment, especially for protection of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cost. This matter will require additional investigation.

8 SUMMARY

In 1973, radioactively contaminated soil amounting to approximately 43,000 tons
was deposited in the West Lake Landfill near St. Louis, Missouri. The material
originated with decontamination efforts at the Cotter Corporation's Latty Avenue
plant. Disposal in the West Lake Landfill was not authorized by the NRC. State
officials were not notified of this disposal in 1973 because the landfill was
not regulated by the State at the time.

In the period 1980-1981, Radiation Managemenl Corporation (RMC) of Chicago,
Illinois, under contract to the NRC, performed a detailed radiological survey
of the West Lake Landfill. This survey showed that the radioactive contaminants
are in two areas. The northern area (Area 2) covers about 13 acres. The
radioactive debris forms a layer 2 to 15 feet thick, exposed in only a small
area on the landfill surface and along the berm on the northwest face of the
landfill. The southern area (Area 1) contains a relatively minor fraction of
the debris covering approximately 3 acres with most of the contaminated soil
buried with about 3 feet of clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dom-
inate radiological impact. The survey data indicate that the average Ra-226
concentration in the radioactive wastes is about 90 pCi per gram; the staff
estimates the average Th-230 concentration to be about 9000 pCi per gram.
Since Ra-226 has been depleted with respect to its parent Th-230, Ra-226 ac-
tivity will increase 1n time (for example, over the next 200 years, Ra-226
activity will increase ninefold over the present level). This increase in
Ra-226 must be considered in evaluating the long-term hazard posed by this
radioactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including ORAU, UMC, and MDNR. Occasionally a sample of
water from a monitoring well exceeds slightly the EPA drinking water standard of
15 pCi gross alpha per liter. Sample analyses for priority pollutants (non-
radioactive hazardous substances) show a number of listed pollutants are present.
The landfill operators are also conducting a hydrogeological investigation.

From the RMC, UMC, and ORAU surveys conducted at the West Lake Landfill site
the staff has made the following findings:

14
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(1) There is a large quantity (on the order of 150,000 tons) of soil contami-
nated with long-lived radioactive material in the West Lake Landfill.
Almost all the radioactivity consists of natural uranium and its radio-
active decay products.3

(2) Based on the radiological surveys, the radioactive wastes as presently
stored at the West Lake Landfill do not satisfy the conditions for
Options 1-4 of the NRC's Branch Technical Position (BTP) regarding the
disposal of radioactive wastes containing uranium or thorium residues.8

(3) A dominant factor for the future is that the average activity concentration
of Th-230 is much larger than that of its decay product Ra-226, indicating
a significant increase in the radiological hazards in the years and
centuries to come.

(4) Some of the radioactive material on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and
attenuate radiation.

(5) Slightly more than 8 acres of the site exceed 20 uR per hour; the highest
reading of 1600 uR per hour occurs near the Butler-type building.

(6) Radon and daughters were measured at 0,031 WL in and around the Butler-type
building. This exceeds the BTP value of 0.02 WL.

(7) Based on monitoring-well sample analyses, some low-level contamination of
the groundwater is occurring, indicating that the groundwater in the
vicinity is not adequately protected by the present disposition of the
wastes. *

(8) Although these radiological conditions indicate that remedial action is
needed, it is unlikely that anyone has received significant radiation
exposures from the existing situation.

(9) Sampling results show that chemically hazardous materials have been dis-
posed of adjacent to or possibly mixed with the radioactive material.3
It is possible that part of the radioactive material has become "mixed"
waste.

From these findings and the information developed to date, the NRC staff con-
cludes: (1) measures must be taken to establish adequate permanent control of
the radioactive waste and to mitigate the potential long-term adverse impacts
from its existing temporary storage conditions and (2) the information devel-
oped to date is inadequate for a technological determination of several impor-
tant issues, i.e., whether mixed wastes are involved, and whether onsite dis-
posal is practical technologically, and, if so, under what alternative methods.

As indicated by the estimates developed by UMC. remedial action will be costly.
Further, the investigations to develop the necessary information to resolve
major questions and to provide a sound basis for evaluation of the feasibility
of disposal alternatives may also be costly. Therefore, it is necessary to
determine the way to accomplish the further studies and remedial actions that
are needed.
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PREFACE

This report has as its basis a characterization of the West Lake Landfill site
and evaluation of some potential remedial measures performed primarily by
S. K. Banerji, W. H. Miller, J. T. O'Connor and L. S. Uhazy of the University
of Missouri-Columbia. The Nuclear Regulatory Commission received the first
and second drafts, then titled "Engineering Evaluation of Options for Disposition
of Radioactively Contaminated Residues Presently in the West Lake Landfill, St.
Louis County, Missouri," in 1984; thus most of the information in this report
dates from 1983-1984. However, some more recent data, principally water sampling
results, have been added. Waste disposal and other industrial activities have
continued on the 200 acre site, as have activities in the vicinity, resulting
in changes in details of topography, roads, etc. To provide a more complete
view of the radioactive material in the landfill, use has been made of figures
from the report titled "Radiological Survey of the West Lake Landfill, St. Louis
County, Missouri," NUREG/CR-2722, May 1982.

The remedial action concepts in this report are those proposed by the contractor.
Judgments expressed in this report about these concepts are in general those of
the contractor, and do not necessarily represent the views of the Nuclear Regu-
latory Commission. For example, the cost estimates for these concepts are
based on radium-226 concentrations whereas the long-term issue is dependent
upon the thorium-230 concentrations.

Although some of its information has not been updated since 1984, this report is
being released so as to make its collected information available to interested
parties.
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ABSTRACT

The West Lake Landfill is near the city of St. Louis in Bridgeton, St. Louis

County, Missouri. In addition to municipal refuse, industrial wastes and demo-

lition debris, about 43,000 tons of soil contaminated with uranium and its radio-

active decay products were placed there in 1973. After learning of the radioac-
tive material in the landfill, the U.S. Nuclear Regulatory Commission (fJRC) had

a survey of the site's radioactivity performed and, *n 1983, contracted, through
Oak Ridge Associated Universities (ORAU), with the University of Missouri-

Columbia (UMC) to characterize the environment of the site, conduct an engineer-
ing evaluation, and propose remedial measures. This report presents a descrip-
tion of the results of the UMC work, providing the environmental characteristics

of the site, the extent and characteristics of the radioactive material there,

some considerations with regard to potential disposal of the material, and some
concepts for remedial measures.
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SUMMARY

In 1973, approximately 7900 metric tons (mt) (8700 short tons) of radioactively

contaminated barium sulfate (BaS04) residues were mixed with about 35,000 mt
(39,000 t) of soil, and the entire volume was placed in the West Lake Landfill

in St. Louis County, Missouri. This material resulted from decontamination
efforts at the Cotter Corporation's Latty Avenue plant where the material had

been stored. Disposal in the West Lake Landfill was not authorized by the
Nuclear Regulatory Commission (NRC) and was contrary to the disposal location

indicated in the NRC records. State officials were not notified of this dis-
posal since the landfill was not regulated by the State at the time. Although
the contamination does not present an immediate health hazard, authorities have
been concerned about whether this material poses a long-term health hazard to
workers and residents of the area and what, if any, remedial action is necessary.

In 1980-81, Radiation Management Corporation (RMC) of Chicago, Illinois,

performed a detailed radiological survey of the West Lake Landfill under con-
tract to the NRC (NUREG/CR-2722). This survey was performed to determine the

extent of radiological contamination.. Before this survey, little was known

about the location or activity of radionuclide-bearing soils in the landfill.

This survey showed that the radioactive contaminants are in two areas. The
northern area (Area 2) covers about 13 acres. The radioactive debris forms a

layer 2 to 15 feet thick, exposed in only a small area on the landfill surface
and along the berm on the northwest face of the landfill. The southern area

(Area 1) contains a relatively minor fraction of the debris covering approxi-
mately 3 acres with most of the contaminated soil buried with about 3 feet of
clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring

U-238 and U-235 series with Th-230 and Ra-226 as the radionuclides that dominate

radiological impact. The survey data indicate that the average Ra-226 concen-

tration in the radioactive wastes is about 90 pCi per gram; the average Th-230
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concentration is estimated to be about 9000 pCi per gram. Since Ra-226 has

been depleted with respect to its parent Th-230, Ra-226 activity will increase
in time (for example, over the next 200 years, Ra-226 activity will increase
ninefold over the present level). This Increase in Ra-226 must be considered
in evaluating the long-term hazard posed by this radioactive material.

In addition to RMC's radiological survey, (oil and water samples were collected
and analyzed by others, Including Oak Ridge Associated Universities (ORAU), and

the University of Missouri-Columbia (UMC). "Occasionally a sample of water from

a monitoring well exceeds slightly the EPA drinking water standard of 15 pCi
gross alpha per liter. Sample analyses for priority pollutants (non-radioactive
hazardous substances) show a number of listed pollutants are present.

On the basis of radiological surveillance conducted by RMC, UMC, and ORAU, the
following areas of concern have been identified:

(1) Radioactive soil is eroding from the northwestern face of the berm, and is

being transported off site.

(2) Radon gas had been observed to accumulate to an unacceptable level
in the Butler-type building on site. This building has since been removed.

(3) Some degree of radiological contamination has been found in the wells

that monitor the perimeter.

(4) Surface exposure rates over much of the contaminated areas are greater

than 20 uR/hr.

In March 1983, the NRC through ORAU, contracted with UMC to conduct an
engineering evaluation of the site and propose possible remedial measures for
NRC's consideration for dealing with the radioactive waste at the West Lake

Landfill. The following six remedial options were proposed and evaluated in

this study.

o Option A - No remedial action

o Option B - Stabilization onsite with restricted land use
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o Option C - Extending the landfill offsite with restricted land use
o Option 0 - Removal and relocation of the contaminated material to an

authorized disposal site
o Option E - Excavation and temporary onsite storage in a trench
o Option F - Construction of a slurry wall to prevent leachate from

migrating off site

It is noted that some of the above alternatives for remedial action were
initially evaluated with the objective of permanent disposal of the waste at
the site.
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1 INTRODUCTION

The West Lake Landfill is located In St. Louis County, Missouri, 6 km (3.7

miles) west of Lambert Field International Airport (Figure 1.1) and southwest
of St. Charles Rock Road in Bridgeton, Missouri. The site has been used since
1962 for disposing of municipal refuse, industrial solid and liquid wastes, and

construction demolition debris. In addition, the landfill is an active indus-
trial complex on which concrete ingredients are measured and combined before
mixing ("batching"), and asphalt aggregate is prepared. Limestone ceased to be
quarried in the spring of 1987.

In 1973, 7900 metric tons [(mt) (8700 short tons)] of radioactively contaminated

barium sulfate (BaSD4) residues from uranium and radium processing were mixed
with an estimated 35,000 mt (39,000 tons) of soil and deposited in the West Lake

Landfill. Previously, this material was located at the Cotter .Corporation's
Latty Avenue facility in Hazelwood, Missouri, and was removed during decontam-
ination work. It is not known what levels of contamination were already in

the soil before the barium sulfate residues were mixed into it. Disposal in the
West Lake Landfill was unauthorized and contrary to the disposal location

indicated in the U.S. Nuclear Regulatory Commission's (NRC's) records.

Subsequently> the NRC sponsored studies that were directed at determining the
radiological status of the landfill. In 1978, an aerial radiological survey

revealed two areas within the landfill where the gamma radiation levels indi-
cated radioactive material had been deposited. A BOre extensive survey was

initiated in November 1980 by the Radiation Management Corporation (RMC) under
contract to the NRC.

In March 1983, the NRC through Oak Ridge Associated Universities (ORAU) con-
tracted with the University of Missouri-Columbia Department of Civil Engineering

to describe the environmental characteristics of the site, conduct an engineering

evaluation, and propose possible remedial measures for dealing with the radio-

active waste at the West Lake Landfill. In May 1986, ORAU sampled water from

1-1
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• wells on and close to the landfill to determine 1f the radioactive material had
• migrated into the groundwater.

Information from all these sources forms the basis for this report.
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2 SITE DESCRIPTION

This chapter presents a historical and environmental description of the West Lake
Landfill site located in St. Louis County, Missouri.

2.1 Location

The 81-hectare (ha) (200-acre) West. Lake Landfill property is situated between

the St. Charles Rock Road and the Old St. Charles Rock Road in Bridgeton,
Missouri. The southeastern and northwestern parts of the landfill abut farm-

land. Several commercial and industrial facilities are located near the land-
fill (Figure 2.1). The nearest residential area is a trailer park located
approximately 1 km (0.6 mile) to the southeast. A major portion of the land-
fill (roughly the northern three-fourths of the site) is located on the
floodplain, approximately 2 km (1.2 miles) from the Missouri River.

2.2

The zoning plan obtained from the Bridgeton Planning and Zoning Department for

properties on and adjacent to the landfill is shown in Figure 2.2. A portion

of the landfill, including site Area 1, is zoned M-l, which is designated for

light manufacturing; the northwest part of the landfill, including Area 2, is
zoned as single-family residential (R-l). This R-l zoning indicates the use to

which the land was originally intended. However, the landfill was extended over
the land zoned R-l, and the zoning plan was simply not changed to reflect the

new usage. Other discrepancies between land use and zoning are found in the
nearby Earth City Industrial Park (William Canney, Safety Supervisor of West

Lake Landfill, Inc., personal communication, March 1984). The land across
St. Charles Rock Road is zoned for light and heavy manufacturing. The

remainder of the property surrounding the landfill is zoned residential and

business.
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2.3 History

The West Lake Landfill was started in 1962 for the disposal of municipal and
industrial solid wastes, and to fill in the excavated pits from the quarry
operations that had been performed at the site since 1939 (Canney, personal
communication, March 1984). In 1974, the landfill was closed by the Missouri
Department of Natural Resources (MDNR) (Karen, 1976). * new sanitary landfill,
in an area of the West Lake Landfill property which is protected from ground-
water contact, now operates under an MDNR permit.

This new part of the landfill was opened in 1974. The bottom is lined with
clay and a leachate collection system has been installed. Leachate is pumped
to a treatment system consisting of a lime precipitation unit followed in
series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.

The quarrying operation ceased in the spring of 1987 because not enough "good
rock" was left at the site.

2.4 Ownership

The West Lake Landfill was owned from 1939 until 1988 by West Lake Landfill,
Inc., of 13570 St. Charles Rock Road, Bridgeton, Missouri. Most of the
landfill was sold in 1988 to Laidlaw Industries, Inc. The two areas which
contain the radioactive material were retained by West Lake Properties as the
principal properties of a subsidiary named Rock Road Industries, Inc.

2.5 Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2.3). Comparisons of radionuclide quantities and
of the activity ratios between radionuclides not in secular equilibrium, indicate
that the radioactive contamination in the separate soil bodies was derived from
the same source, i.e., the Cotter Corporation's former Latty Avenue facility

in Hazelwood, Missouri (NRC, NUREG/CR-2722).
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The northern area (referred to as Area 2) of contamination shown on Figure 2.3 4*
covers an area of 5.2 ha (13 acres) and lies above 5 to 6 m (16-20 ft) of land-

fill debris. The contaminated soil forms a more or less continuous layer from

1 to 4 m (3 to 13 ft) in thickness, and amounts to approximately 100,000 m3

(130,000 yd3). Some of this contaminated soil is near or at the surface,

particularly along the face of the northwestern berm. Beneath the landfill
debris, the soil profile consists of 1 to 2 m (3 to 7 ft) of floodplain top
soil overlying 10 to 15 m (33 to 50 ft) of sand and gravel alluvium.

The southern area of contamination (referred to as Area 1) shown on Figure 2.3
covers approximately 1.1 ha (3 acres) and contains roughly 15,000 m3

(20,000 yd3) of contaminated soil. This body of soil is located east of the
landfill's main office at a depth of about 1 m (3 to 5 ft), and is located over a
former quarry pit, which was filled in with debris. The depth of debris beneath
the contaminated soil is unknown, but is estimated to be 15 to 20 m (50 to 65 ft).
Limestone bedrock underlies the landfill debris.

2.6 Topography

About 75% of the landfill site is located on the floodplain of the Missouri

River. The site topography is subject to change because of the types of activ-

ities (e.g., landfilling and quarrying) performed there. Figure 2.3 shows a

contour map of the site as of July 1986. The surface runoff follows several

surface drains and ditches which run in a northwest direction and drain into

the Missouri River.

2.7 Geology

2.7.1 Bedrock

Bedrock beneath the West Lake Landfill consists of Mississippian age limestone

of the Meramacean Series of the St. Louis and Salem formations, which extends
downward to an elevation of 58 m (190 ft) mean sea level (msl) (Figure 2.4).*

*Missouri Department of Natural Resources, Division of Geology and Land
Survey, Rolla, Missouri, Well Log Files.
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The limestone is dense, bedded, and fairly pure except for intermittent layers
which consist of abundant chert nodules. The Warsaw Formation—also of

Mississippian age—lies directly beneath the limestone. The Warsaw is made up

of approximately 12 m (38 ft) of slightly calcareous, dense shale; this grades
into shaley limestone toward the middle of the formation (Figure 2.4) (Spreng,

1961). Bedrock beneath the site dips at an angle of 0.5° to the northeast.

Eight kilometers (5 miles) east of the site, the attitude of the bedrock is

reversed by the Florissant Dome; the bedrock dips radially outward from the
apex of this dome at a low angle (Martin, 1966).

Since karst (solution) activity often occurs in carbonate rocks, the possibil-

ity of its occurrence in the West Lake Landfill area was considered. Brief
observation of the quarry walls at the landfill suggests that some solution of

the limestone has occurred, but this solution activity has apparently been
limited (see Section 2.8.1) to minor widening of joints and bedding planes near
the bedrock surface. Although karst activity within the limestone is relatively
minor, the upper surface of the bedrock is irregular and pitted as a result of
solution (Lutzen and Rockaway, 1971). This alteration of the bedrock surface
is greatest beneath the Missouri River floodplain.

2.7.2 Soils

Soil material in this area may be divided into two categories: Missouri River

alluvium and upland loessal soil. This demarcation is shown as the historical

edge of the alluvial valley in Figure 2.5. The division is made on the basis of
soil composition, depositions! history, and physical properties. Because the

West Lake Landfill lies over this transition zone, the surface material at the
site varies considerably from southeast to northwest.

The Missouri River alluvium (Figure 2.6) ranges in thickness from 12 m (40 ft)

beneath the landfill site to more than 30 m (100 ft) at mid-valley (Figure 2.7).
The upper 3 m (10 ft) of the soil profile consists of organic silts and clays,
that have been deposited by the Missouri River during floods.* Below this

*Missouri Department of Natural Resources, Division of Geology and Land Survey,
Rolla, Missouri, Well Log Files.
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surface layer, the soil becomes sandy and grades to gravel at depths greater
than 5 to 10 m (16 to 33 ft). Because of the effects of channel scour, which

continues to grade the sediment after its initial deposition, the alluvium is

fairly homogeneous in a.horizontal direction and becomes progressively coarser
with depth (Goodfield, 1965). At the edges of the floodplain, the alluvium is

not as well graded, and a large amount of fine material is present in the deeper

sand and gravel.

The upland loessal soil (Figure 2.8) is generally thinner than the floodplain

soil, being usually less than 12 m (39 ft) thick, and was deposited during the
age of Pleistocene glaciation. The loess consists of silt-sized particles that

were transported by wind and deposited as a blanket over much of Missouri and
Illinois. On the hills near the West Lake Landfill, the loess layer may be as
much as 24 m (79 ft) thick. It consists of 6 to 9 m (20 to 30 ft) of fairly
pure silt (Peoria loess) overlying 6 to 15 m (20 to 49 ft) of clay silt (Roxana

loess) (Lutzen and Rockaway, 1971). This loess forms the hills to the southeast
of the landfill, but it has long ago been removed from the landfill site and
most of the surrounding valleys by erosion. The upper 1 m (3 ft) of the loess

has been altered to form a thin soil profile. It should be noted that loess has

a vertical permeability which is far greater than its horizontal permeability

(Freeze and Cherry, 1979). The total permeability of loess is greatly increased
by disturbance. The individual silt grains are generally quite angular, and

therefore may not be effectively compacted by the methods commonly used to con-
solidate clay. The technique most effective in the compaction of loess would

employ vibration beneath a surcharge. A relict soil profile from 5 to 10 m
(16 to 33 ft) thick lies beneath the loess and directly on top of the bedrock.

This soil was formed as a residuum before Pleistocene glaciation and was sub-
sequently covered by the loess blanket. This soil is a highly consolidated

clay containing abundant chert fragments (Lutzen and Rockaway, 1971). In

addition to the natural geologic properties of the landfill, human disturbance
of the soil must also be considered since material within the landfill itself
can either limit or facilitate migration of leachate to the Missouri River

alluvial aquifer.

In order to prevent downward movement of leachate, it is now a common practice

to place a layer of compacted clay beneath sanitary landfills. Newer portions
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of the landfill (constructed since 1974) have 2 to 3 m (7 to 10 ft) of clay at
the base and around the sides. Waste is covered every day with 15 cm (6 in.)
of compacted soil; the cover soil presently used is loess (of soil classifica-
tions CL and A4) taken from southeast of the landfill (Reitz and Jens, 1983a).
If not properly compacted, this material may have a permeability of 0.0001 cm/sec
(0.00004 in./sec) or more. It is not known what procedures for compaction, if
any, were used at the landfill before 1974 since the site was unregulated in
design as well as in materials which were accepted for disposal. J.t is be-
lieved, however, that there is no liner present beneath the northwestern por-
tion of the landfill, and that sanitary (and, possibly, some hazardous) material
was placed directly on the original ground surface. Since waste was period-
ically covered with soil to minimize rodent and odor problems, the landfill
probably consists of discrete layers of waste separated by thin soil layers.
Both areas containing radioactive material are in these presumably unlined g^
above-ground portions of the landfill.

2.8 Hydrology

2.8.1 Subsurface Hydrology

Groundwater flow in the area surrounding the West Lake site is through two
aquifers: the Missouri River alluvium and the shallow limestone bedrock. The
base of the limestone aquifer is formed by the relatively impermeable Warsaw
shale at an elevation of about 58 m (190 ft) msl (Figure 2.4). This shale
layer has been reached, but not disturbed, by quarrying operations. Therefore,
the Warsaw shale acts as an aquiclude, making contamination of the deeper lime-
stone very unlikely. The Mississippian limestone beds have very low inter-
granular permeability in an undisturbed state (Miller, 1977). However, a
strong leachate enters the quarry pit at an elevation of about 67 m (220 ft)
msl (pt. A on Figure 2.5). This leachate is migrating vertically through more
than 30 m (98 ft) of limestone. Explosive detonations associated with quarrying
operations will tend to cause fractures to propagate in the quarry wall. These
fractures have probably extended less than 10 m (33 ft) into the rock from the
quarry face. Beyond this, the rock probably remains undisturbed. These
fractures will tend to increase inflow to the quarry pit and allow leachate to

percolate downward through the fractured zone. Thus, leachate inflow to the
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quarry pit 1s not evidence of large-scale contamination of the limestone
aquifer. The only other mechanism by which leachate could travel' rapidly
through the limestone is by transport through solution channels. ' Landfill con-

sultants and quarry operators maintain that the limestone is fairly intact

(Canney, personal communication, September 1983), and superficial observation

of the quarry walls seems to support this conclusion. Since the limestone is

fairly impervious, and groundwater flows in most areas from the bedrock into *,
the alluvium, contamination of water in the bedrock aquifer does not appear

likely.

The water table of the Missouri River floodplain is generally within 3 m (10 ft)

of the ground surface, but at many points it is even shallower. At any one
time, the water levels and flow directions are influenced by both the river
stage and the amount of water entering the floodplain from adjacent upland
areas. A high river stage tends to shift the groundwater gradient to the

north, in a direction that more closely parallels the Missouri River. Local
rainfall will shift the groundwater gradient to the west, toward the river and
along the fall of the ground surface. This is inferred from water levels

measured in monitoring wells at the West Lake site. The fact that groundwater
levels commonly fluctuate more than does the Missouri River level, indicates

that upland-derived recharge exerts a great deal of influence over groundwater

flow at the West Lake site. This influence decreases toward the river.

The deep Missouri River alluvium acts as a single aquifer of very high per-
meability. This aquifer is relatively homogeneous in a downstream direction,
and decreases in permeability near the valley walls. The deeper alluvium is

covered by 2 to 4 m (7 to 13 ft) of organic silts and clays that may locally

contain a large fraction of sand-sized particles. Water levels recorded between
November 1983 and March 1984 in monitoring wells at West Lake* indicate a
groundwater gradient of 0.005 flowing in a N 30°W direction beneath the northern

portion of the landfill. This represents the likely direction of any possible

leachate migration from the landfill (Figure 2.5).

*Data supplied by Reitz and Jens engineering firm, St.Louis, 1984.
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The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
entering the valley, and seepage losses from streams as they cross the flood-

plain. Of these sources, streams and their underflow represent the main source

of upland recharge to the alluvial aquifer. Streams entering the floodplain

raise the water table in a fan-shaped pattern radiating outward from their point

of entrance to the plain. In areas where streams are not present, the water
slopes downward from the hills, steeply at first and then gently to the level
of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability
of the shallow soil layer. Aerial photography of the site indicates that a
filled backchannel (oxbow lake) type of soil deposit is present along the south-
west boundary of the landfill (USDA, 1953). This deposit is probably com-
posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow

groundwater on opposite sides of the deposit.

Since no other recharge sources exist above the level of the floodplain, the
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvial aqui-

fer is highly permeable, there will be little "mounding" of water beneath the

landfill. Because the northern portion of the landfill has a level surface it

is likely that at least half of the rainfall infiltrates the surface. The

remaining rainfall is lost to evapotranspiration and (to a lesser degree) sur-
face runoff. Due to the height of the berm, temporary impoundment of surface
runoff is a common occurrence.

No public water supplies are drawn from the alluvial aquifer near the West Lake

Landfill. It is believed that only one private well (Figure 2.9) in the vicin-

ity of the landfill is used as a drinking water supply. This well is 2.2 km
(1.4 miles) N 35°W of the former Butler-type Building location on the West Lake
Landfill. In 1981, analysis showed water in this well to be fairly hard (natural

origins) but otherwise of good quality (Long, 1981).

Water in the Missouri River alluvium is hard and usually contains a high

concentration of iron and manganese (Miller, 1977). The amount of dissolved
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solids present in the water of the alluvial aquifer varies greatly; purity

increases toward mid-valley where groundwater velocity is greatest. A water

sample from a well in the alluvium 3 km (1.9 miles) north of the landfill had

a total dissolved solids content of 510 mg/liter and total hardness as CaC03
of 415 mg/liter. Water in the limestone bedrock generally has a hardness

greater than 180 mg/liter as CaC03 equivalent (Emmett and Jeffery, 1968). Total
dissolved solids range from 311 to 970 mg/liter. Water in the limestone aquifer
may contain a large amount of sulfate of natural origin (Miller, 1977).

2.8.2 Surface Hydrology

Because of the extremely low slope of the Missouri River flood plain surface,
precipitation falling on the plain itself generally infiltrates the soil rather
than running off the surface. The only streams present on the floodplain are
those that originate in upland areas. Drainage patterns on the plain
(Figure 2.9) have been radically altered by flood control measures taken to

protect Earth City (Figure 2.1) and by drainage of swamps and marshes. Before
these alterations, Creve Coeur Creek passed just south of the landfill, and

drained a fairly large area. It has since been redirected to discharge into
the Missouri River upstream (south) of St. Charles (Figure 2.9). The-old

channel still carries some water, and empties into the Missouri River 45.2 km

(28 miles) upstream from the confluence with the Mississippi River. Near the

landfill, this stream is usually dry. As it crosses the flood plain, the creek

passes through shallow lakes which provide a more or less continuous flow to
the Missouri River throughout the year. A second stream, Cowmire Creek, crosses
the floodplain east of the site. This stream flows northward and joins a back-

water portion of the Missouri River at kilometer 35.4 (22 miles). Because of

the relationship which exists between river level and groundwater level in por-

tions of the floodplain near the river, these streams may either lose flow (at
low stage) or gain flow (at high stage).

The present channel of the Missouri River lies about 3 km (2 miles) west and

northwest of the landfill. Early land surveys of this area indicate that

200 years ago the channel was located several hundred meters to the east (toward

the landfill) of its present course (Reitz and Jens, 1983b). The Missouri River

has a surface slope of about 0.00018 (Long, 1981). River stage at St. Charles
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[kilometer 45.2 (mile 28)] is zero for a water level of 126.1 m (413.7 ft) msl

(Reitz and Jens, 1983a). Average discharge of the Missouri River is 2190 m3/s
(77,300 ft3/s), with a maximum flow of 2850 mVs (101,000 ftVs) for the period

of April through July, and a minimum flow of 1140 m3/s (40,300 ft3/s) in January

and December (Miller, 1977). Some average properties of Missouri River water

for the period 1951-1970 were: alkalinity = 150 mg/liter as CaC03 equivalent;
hardness = 209 mg/liter as CaC03 equivalent; pH = 8.1; and turbidity = 694 JTU
(Jackson turbidity unit).

Water supplies are drawn from the Missouri River at kilometer 46.6 (mile 29)

for the city of St. Charles, and the intake is located on the north bank of the
river. Another intake at kilometer 33 (mile 20.5) is for the St. Louis Water

Company's North County plant (Reitz and Jens, 1983a).

The city of St. Louis takes water from the Mississippi River, which joins the
Missouri River downstream from the landfill. In this segment of the river, the

two flow-streams have not completely mixed and the water derived from the
Missouri River is still flowing as a stream along the west bank of the

Mississippi River channel*. The intake structures for St. Louis are on the
east bank of the river so that the water drawn is derived from the upper

Mississippi.

2.9 Meteorology

The climate of the West Lake area is typical of the midwestern United States,
in that there are four distinct seasons. Winters are generally not too severe

and summers are hot with high humidity. First frosts usually occur in October;

and freezing temperatures generally do not persist past March. Rainfall is

greatest in the warmer months, (about one-quarter of the annual precipitation

occurs in May and June) (Figure 2.10) (NRC, 1981). In July and August, thunder-
storms are common, and are often accompanied by short periods of heavy rainfall.
Average annual precipitation is 897 mm (35.3 in.), which includes the average

annual snowfall of 437 mm (17.2 inches snow). Average relative humidity is 68%,

*Ned Harvey, hydrologist with the USGS, telephone communication, August 1983.
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and humidities over 80% are common during the summer. Wind during the period of
December through April is generally from the northwest; winds blow mainly from
the south throughout the remainder of the year. A compilation of hourly wind

observations shows that although the wind resultant is fairly consistent on a

monthly basis, the wind actually shifts a good deal and is very well distri-

buted in all directions (Figure 2.11) (NRC, 1981; U.S. Department of Commerce,

1960).

Meteorological data used is from Lambert Field International Airport which is

6 km (3.7 miles) east of the West Lake site. Temperature and precipitation

data are also representative of West Lake. However, because of differences in
topography between Lambert Field and the site, the actual wind directions at
West Lake may be slightly skewed in a NE-SW direction parallel to the Missouri
River valley.

2.10 Ecology

The West Lake Landfill is biologically and ecologically diverse. Rather than a

single ecological system (e.g., a prairie), it is a mosaic of small habitats

associated with

(1) moist bottomland and farmland adjacent to the perimeter berm

(2) poor quality drier soils on the upper exterior and interior slopes

of the berm

(3) an irregular waste ground surface associated with the inactive portion of

the landfill

(4) aquatic ecosystems present in low spots on the waste ground surface

Generally, the natural systems which are present are limited by operations in

the active portion of the landfill and form a corridor along the perimeter berm

from near well site 75 (Figure 2.5), on the Old St. Charles Rock Road, clockwise

to the main entrance to the landfill near well site 68, along St. Charles Rock
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Road. The following observation and descriptions demonstrate the biological
variety of these sites.

The flora of the perimeter berm extending from the southwest clockwise to the

area of the main entrance to the landfill present a series of contrasts. Along

the Old St. Charles Rock Road, the bottom and lower slope of the berm is heavily

influenced by the nearby mature silver maple (Acer saccharinum), boxelder

(Acer negundo). oak (Quercus). sycamore (Platanus). green ash (Fraximus
pennsylvanica). and eastern cottonwood (Populus deltoides) trees associated

with the old channel of Creve Coeur Creek. At the corner, between wells 59 and
60 (Figure 2.5), large silver maple and boxelder trees form a dense stand in the

moist soils at the base of the berm. The density of these trees declines on
this slope extending toward the north (well 61) and the Butler-type Building

corner. The extension of this slope toward the northwest is dominated by a
dense willow-like thicket in which a few eastern cottonwoods and a hawthorn

tree have established. From this northwest corner of the landfill to the
eastern limit of the trees between the landfill and St. Charles Rock Road (well
65), the exterior slope of the berm is dominated by dense stands of small and

large eastern cottonwoods. This latter occurrence reflects the influence of
the well-established eastern cottonwoods and sycamores associated with the per-

manent pond just north of this site (Figure 2.9). The ground cover along

these exterior slopes consists of grasses, forbs, plants common to disturbed

areas, seedling cottonwoods, and shrubs. A well-manicured grass groundcover
continues from the limit of the trees to the area around the main entrance of

the landfill and well 68. This vegetation contributes to the partial stabi-
lization of the steep exterior slopes.

The somewhat drier top and the short, interior slope of the berm, colonized by

prairie grasses such as bluestem (Andropogon). blends into the irregular sur-

face of the inactive portion of the landfill. Depressions in this surface
allow water to collect and tall grasses, foxtail, and plants characteristic
of disturbed areas [e.g., ragweed (Ambrosia), mullein (Verbascum). pokeweed
(Phytolacca). cinquefoil (Potentilla). sunflower (Helianthus), and plantain

(Plantago)] are replaced by characteristic wetland species [e.g., algae

(Spirogyra). cattails (Typha). sedges (Carex). and smartweed (Polygonium)].

Young eastern cottonwoods are established at several of these wet sites.
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Generally, the surface vegetation of the inactive landfill gives way to barren

waste ground around the Butler-type Building location and the barren terrain

associated with recent landfill activities.

Animals were observed associated with these habitats. Cottontail rabbits

(Sylvilagus) were encountered most frequently and their fecal pellets were ob-
served on the landfill. Density of fecal material was particularly heavy in
the thickets on the exterior slopes of the perimeter berm. In this regard,

coyote (Cam's latrans) feces containing rabbit fur were observed. Small mammals
(rodents) were not seen but could certainly be present in these areas. Large
ungulates also were not sighted, but tracks and feces of white-tailed deer indi-

cate that they utilize the landfill.

The only birds observed were a crow (Corvus). several robins (Turdus). and white-
crowned sparrows (Zonotrichia leucophrys). This certainly does not reflect the

extent to which birds utilize these habitats, for observations were made early
in the spring. It is readily apparent that returning migratory passerines would
utilize the surface vegetation and berm thickets for nesting, cover, and feed

later in the season. It is also possible that waterfowl could utilize the perma-

nent ponds on the landfill and adjacent to St. Charles Rock Road. Twelve scaup
(Aythya) and mallards (Anas) were observed on the lagoon which serves as part

of the landfill waste water treatment facility.

Small puddles contained characteristic aquatic invertebrates and at least two
species of amphibians. Casual examination of these shallow waters revealed
three genera of snails (Physa, Lymnaea, Helisoma), an isopod (Asnellus),

cyclopoid copepods, and cladocerans. Aquatic insect larvae were not observed;
however, this does not rule out their presence. The sighting of a bullfrog

tadpole (Rana catesbeiana) and audition of spring peepers (Hyla). indicates
these ponds are utilized as breeding sites. No fish were observed in these

puddles on the landfill surface; however, a dead gizzard shad (Dorsoma cepedianum)

was seen in the pond adjacent to St. Charles Rock Road. The only reptiles
seen were the water snake (Nerodia) and the garter snake (Thamnophis).

Although the northwest inactive portion of the landfill is posted with "No

Trespassing" signs, it was evident that humans do encroach on these habitats.
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Fishing tackle was found tangled in power lines and trees, and spent small-
gauge shotgun shells were found on the landfill surface and berms.

2.11 Demographics

The West Lake Landfill is located in the northwestern portion of the city of

Bridgeton, in St. Louis County, Missouri. Earth City Industrial Park is located
on the floodplain 1.5 to 2 km (0.9 to 1.2 miles) northwest of the landfill.
Population density on the floodplain is generally less than 10 persons per
square kilometer (26 persons per square mile); and the daytime population
(including factory workers) is much greater than the number of full-time resi-
dents.

Major highways in the area include Interstate 70 (1-70) and Interstate 270
(1-270), which meet south of the landfill at Natural Bridge Junction (Fig-
ure 1.1). The Earth City Expressway and St. Charles Rock Road lie, respectively,
west and east of the landfill. The Norfolk and Western Railroad passes about
1 km (0.6 mile) from the northern portion of the landfill (Figure 1.1). Lambert

Field International Airport is located 6 km (3.7 miles) east of the West Lake
Landfill.

In addition to factories at Earth City, plants are operated by Ralston-Purina

and Hussraan Refrigeration across St. Charles Rock Road. The employees of

these two plants probably comprise the largest group of individuals in close
proximity to the contaminated areas for significant periods of time. The
Ralston-Purina facilities are located 0.4 km (0.2 mile) northeast of the
Butler-type Building location at the landfill. Considering that land in this

area is relatively inexpensive and that much of it is zoned for manufacturing,

industrial development on the floodplain will likely increase in the future.

Two small residential communities are present near the West Lake Landfill.
Spanish Lake Village consists of about 90 homes and is located 1.5 km (0.9 mile)
south of the landfill, and a small trailer court lies across St. Charles Rock

Road, 1.5 km (0.9 mile) southeast of tf- site (Figure 2.1). Subdivisions are

presently being developed 2 to 3 km (1.2 to 1.9 miles) east and southeast of the

landfill in the hills above the floodplain. Ten or more houses lie east of the
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landfill scattered along Taussig Road. The city of St. Charles is located
north of the Missouri River at a distance greater than 3 km (1.9 miles) from

the landfill.

Areas south of the West Lake Landfill are zoned residential; areas on the

other sides are zoned for manufacturing and business (Figure 2.2). Most of
the landfill is zoned for light manufacturing (M-l). However, approximately

0.3 km2 (0.12 mi2) of the northern portion of the landfill is zoned for residen-

tial use; this includes the contaminated area around the Butler-type Building
site. The field northwest of the landfill between Old St. Charles Rock Road
and St. Charles Rock Road 1s under cultivation. Trends indicate that the
population of this area will increase, but the land will probably be used
primarily for industrial facilities.
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3 RADIOLOGICAL CHARACTERIZATION OF THE SITE

I
3.1 Radiological Surveillance

Approximately 43,000 mt (47,000 tons) of contaminated soil were reported to have
• been disposed of in the landfill. A fly-over radiological survey performed for
• .the NRC in 1978 identified two areas of contamination at the West Lake Landfill.

I Subsequently, from August 1980 through the summer of 1981, the Radiation
Management Corporation (RMC), under contract to the NRC, performed an onsite

| evaluation of the West Lake Landfill (NRC, NUREG/CR-2722). The purpose of this
survey was to clearly define the radiological conditions at the landfill. The

• results were to be utilized in performing an engineering evaluation to determine
if remedial actions should and could be taken.

The area to be surveyed was divided into 10-m (33-ft) grid blocks and included
• the following measurements:

1
(1) external gamma exposure rates 1 m (3.3 ft) above the surfaces and beta-

gamma count rates 1 cm (0.4 in.) above surfaces

g (2) radionuclide concentrations in surface soils

• (3) radionuclide concentrations in subsurface deposits

• (4) gross activity and radionuclide concentrations in surface and subsurface
water samples

• (5) radon flux emanating from surfaces

• (6) airborne radioactivity

| (7) gross activity in vegetation

I

I
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3.2 Survey Results

External Gamma

Figure 3.1 shows the two areas of elevated external radiation levels as they
existed in November 1980, at the time of the preliminary RMC site survey. As

can be seen, both areas contained locations where levels exceeded 100 uR/hr at

1m (3.3 ft). In Area 2, gamma levels as high as 3000 to 4000 uR/hr were

detected. The total areas exceeding 20 |jR/hr were about 1.2 ha (3 acres) in
Area 1 and 3.6 ha (9 acres) in Area 2.

External gamma levels measured in May and July of 1981 decreased significantly,

especially in Area 1, because approximately 1.2 m (4 ft) of sanitary fill was
added to the entire area and an equal amount of construction fill was added to
most of Area 2. As a result, only a few hundred square meters (a few thousand

square feet) in Area 1 exceed 20 uR/hr. In Area 2, the total area exceeding

20 uR/hr decreased by about 10%, and the highest levels were about 1600 uR/hr,
near the location of the Butler-type building.

Surface Soil Analyses

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Samples were normally stored 10 to 14 days to allow ingrowth of radium

daughters. Concentrations of U-238, Ra-226 (from Pb-214 and Bi-214), Ra-223,

Pb-211, and Pb-212 were determined for each sample. Surface soil samples are
located in Figures 3.2 and 3.3.

In all soil samples, only uranium and/or thorium decay chain nucTides and K-40

were detected. Offsite background samples were on the order of 2 pCi/g Ra-226.
Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226, and from less than
10 to 2100 pCi/g U-238. In those cases where elevated levels of Ra-226 were
detected, the concentrations of U-238 were generally anywhere from a factor of

2 to 10 lower. In cases of elevated sample activity, daughter products of both

U-238 and U-235 were found.
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In general, surface activity was limited to Area 2, as indicated by surface

beta-gamma measurements. Only two small regions in Area 1 showed contamination;

both were near the access road across from the site offices.

In addition to onsite gamma analyses, 12 samples were submitted to RMC's radio-

chemical laboratories for thorium and uranium radiochemical determinations. The

results show all samples contain high levels of Th-230. The ratio of Th-230 to

Ra-226 (Bi-214) is about 20 to 1.

Subsurface Soil Analysis

Subsurface contamination was assessed by extensively "logging" holes drilled

through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals In all directions
until no further contamination was encountered. A total of 43 holes were
drilled, 11 in Area 1 and, in Area 2, 32 including 2 nearby offsite wells for
monitoring water. All holes were drilled with a 6-in. auger and lined with 4-in.
PVC (polyvinyl chloride) casing. The location of these auger holes is shown in

Figures 3.4 and 3.5.

Each hole was scanned with an Nal(Tl) detector and rate meter system for an

initial indication of the location of subsurface contamination. On the basis

of the initial scans, 19 holes were selected for detailed gamma logging using

the intrinsic germanium (IG) detector and multiple channel analyzer.

The results of the Nal(Tl) counts and IG analyses show concentrations of Bi-214,

as determined by the IG system, ranged from less than 1 to 19,000 pCi/g. For

those holes where both Nal(Tl) counts and IG counts were made, a good correla-
tion between gross Nal(Tl) counts and Ra-226 concentrations, as determined by

in situ analysis of the daughter Bi-214 by the IG system, was found.

It was determined that the subsurface deposits extended beyond areas where sur-
face radiation measurements exceeded 5 pCi/g. The approximate area of subsurface

contamination compared to the area of elevated surface radiation levels shows a

total difference in areas of 2 ha (5 acres).
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The variations of contamination with depth for Areas 1 and 2 are shown in

Figure 3.6. As can be seen, the surface elevations vary by about 6 m (20 ft),
and the highest elevations occur at locations of fresh fill. Contamination
(>5 pCi/g Ra-226) in several areas is found to extend from the surface to

appreciable depths, about 6 m (20 ft) below the surface in two cases. In

general, the subsurface contamination appears to be a continuous single layer,

ranging from 0.6 to 4.6 m (2 to 15 ft) thick, located between elevations of 139
to 144 m (455 to 480 ft) and covering 6.5 ha (16 acres) total area.

In Figures 3.7 and 3.8, representations of the subsurface deposits are provided

on the basis of auger hole measurements. These representations are consistent
with the operating history of the site, which suggests that the contaminated
material was moved onto the site and spread as cover over fill naterial. Thus,
one would expect a fairly continuous, thin layer of contamination, as indicated

by survey results.

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-

tory for priority pollutant analysis. Five samples were taken from auger holes

(one from Area 1 and four from Area 2) and the sixth from the West Lake leachate
treatment plant sludge. The results indicate a significant presence of

organic solvents in Area 2 samples. The results of the leachate sludge

analysis were not as high as any of the soil samples.

A chemical analysis of radioactive material from both areas was also performed

by RMC's laboratory. Results show elevated levels of barium and lead in most

cases.

Background Radioactivity Measurement

Various offsite locations were selected for reference background measurements.
The results of these measurements were within the normal range.
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Airborne Radioactivity Analyses

Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study. Since it was known that the buried material consisted par-

tially or totally of uranium ore residues, the sampling program concentrated on

measuring radon and its daughters in the air. Two methods were used: the first

was a scintillation flask method for radon gas and the second was analysis of

filter paper activity for particulate daughters.

A series of grab samples using the accumulator method were taken between May
and August of 1981. A total of 11! samples from 32 locations was collected.
Measurable radon flux levels ranged from 0.2 pCi/m2s in low background areas
to 865 pCi/m2s in areas of surface contamination.

At three locations, repetitive measurements were made over a period of 2 months.

These results are plotted in Figure 3.9. As can be seen, significant fluctua-

tions were observed at two locations. The fact that these fluctuations were
real and not measurement artifacts was later confirmed by duplicate charcoal
canister samples, as described below.

A total of 35 charcoal canister samples was gathered at 19 locations over a

3-month period. The results show levels ranging from 0.3 pCi/m2s to 613

pCi/m2s. On 24 different occasions, the charcoal canisters and accumulator

were placed in essentially the same locations, at the same time, for duplicate
sampling. The results of this side-by-side study show generally good
correlation between the two methods.

A set of 10-minute high-volume particulate air samples was taken to determine

both short-lived radon daughter concentrations and long-lived gross alpha
activity. The highest levels were detected in November 1980, near and inside

the Butler-type building which has since been removed. These two samples
approximately equal NRC's 10 CFR Part 20, Appendix 6, alternate concentration '
limit of one-thirtieth WL for unrestricted areas.

In addition to the routine 10-minute samples, five 20-minute high-volume air

samples were taken and counted immediately on the IG gamma spectroscopy system
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to detect the presence of Rn-219 daughters. All samples were taken near sur-
face contamination. In addition to Rn-222 daughter gamma activities, Rn-219

daughters were detected by measuring the low-abundance gamma rays of Pb-211.
Concentrations of Rn-219 daughters ranged from 6 x 10-11 to 9 x 10-10 uCi/cc.

Vegetation Analysis

Vegetation samples included weed samples from onsite locations and farm crop

samples (winter wheat) near the northwest boundary of the landfill. This loca-
tion was chosen because runoff from the fill onto the farm field was possible.

No elevated activities were found in these samples. ^

Water Analyses

A total of 37 water samples was taken: 4 in the fall of 1980, and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-

tal Protection Agency (EPA) gross alpha activity standard for drinking water of

15 pCi/liter and that was a sample of standing water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water screening level for gross beta which would

require isotopic analyses. Subsequent isotopic analyses indicated that the

beta activity could be attributed to K-40. None of the offsite samples 4.
exceeded either EPA standard or screening level.

In 1981, MDNR collected 41 water samples which RMC analyzed for radioactivity
(Table 3.1). Of these samples, 5 were background, 10 were onsite surface

water, 10 were shallow groundwater standing in boreholes, and 16 were landfill
leachate. From these data, background activity is estimated as 1.2 pCi/liter

gross alpha and 27 pCi/liter gross beta. Results in Table 3.1 show the
gross alpha in two water samples exceeded or equaled 15 pCi/1; the gross beta in

ten water samples exceeded 50 pCi/1. Most of the gross beta activity comes from
7 naturally occurring K-40 as determined from subsequent isotopic analysis.

In addition, groundwater samples in perimeter monitoring wells at the West

Lake Landfill were taken by UMC personnel and ORAU in 1983, 1984, and 1986.

The well locations are shown in Figure 2.5 and the results are presented in
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Tables 3.2 and 3.3. Results in Table 3.2 show the gross alpha in two water samples
slightly exceeded 15 pCi/1; the gross beta were all below 50 pCi/1 in all water
samples. Table 3.3 shows analyses were below 15 pCi/1 for gross alpha and 50 pCi/1
for gross beta for all the wells.

3.3 Estimation of Radioactivity Inventory

In examining the RMC report for bore hole samples (Table 3.3), it is noted that
the naturally occurring U-238 to Th-230 to Ra-226 equilibrium has been disturbed.
The RMC report (NRC, NUREG/CR-2722) indicates that the ratio of Ra-226 to U-238
is on the order of 2:1 to 10:1. This observation is consistent with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores to extract the uranium content and that the
radioactive material at West Lake came from the former Cotter Corporation
facility on Latty Avenue (presently occupied by Futura Coatings Company) in
Hazelwood, Missouri. This location contains contamination from ore processing
residues from which uranium had been previously separated, leaving the daughters
behind at relatively higher concentrations. Additionally, it is noted in the
RMC report that the ratio of Th-230 to Ra-226 is on the order of 5:1 to 50:1.
This indicates that radium has also been removed. Other data are available in
the Latty Avenue site study (Cole, 1981). Table 3.4 presents the radionuclide
concentrations in Latty Avenue composite samples.

Using the RMC data and averaging the auger hole measurements over the two volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90 pCi/g
was calculated for Ra-226. Also, the ratios of Th-230 to Ra-226 were esta-
blished since the level of Th-230 will determine the increase of Ra-226 with
time. Although the ratio of Th-230 to Ra-226 ranged from 5:1 to 150:1, most of
the data were in the 30:1 to 50:1 range. To ensure conservatism in estimating
the long-term effects of Ra-226, a ratio of 100:1 was used for all further
calculations.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material (having Ra-226
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concentrations of 5 pCi/g or more) In the landfill was estimated by visually
integrating the volume of radioactive material from graphs and multiplying by
an average soil density, resulting in 1.5 x 1011 grams (150,000 metric tons) of

contaminated soil. These numbers indicate that there are about 14 Ci of Ra-226

contained with its decay products in the radioactive material in the landfill.

The material also contains about 3 Ci each of U-238 and U-234, and about 1400 Ci

of Th-230. These estimates indicate the order of magnitude of the quantities

to be dealt with, although the estimate for Th-230 is regarded as conservatively

large.
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Source: NUREG/CR-2722, Figure 3, p. 27.

Figure 3.1 External gamma radiation levels (November 1980)
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Source: NUREG/CR-2722, Figure 7, p. 31.

Figure 3.2 Location of surface soil samples, Area 1
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Figure 3.3 Location of surface soil samples, Area 2
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Figure 3.4 Location of auger holes, Area 1
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Figure 3.5 Location of auger holes, Area 2
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Figure 3.6 Auger hole elevations and location of contamination within each hole
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Figure 3.7 Cross-section B-B showing subsurface deposits in Area 1
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Figure 3.8 Cross-section E-E showing subsurface deposits in Area 2
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Figure 3.9 Rn-222 flux measurements at three locations in Area 2 (1981)
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Table 3.1 RMC radionuclide analyses of water samples
from the West Lake site taken by MDNR
in 1981

Sample #

7001
7002
7003
7019
7025
7028
7029
7030
7031

7004
7021
7027
7032
7033

7009
7010
7011
7012
7017
7018
7020
7026
2
3

Type of
sample*

S
S
S
S
S
S
S
S
S

B
B
B
B
B

G
G
G
G
G
G
G
G
G
G

Gross alpha (pCi/1)

3.11
8.00
1.56
1.91
1.56

45.2
<0.64
0.52
1.43

1.04
1.56
1.04
<0.05
1.04

4.50
2.60
3.12
7.10
0.52
6.76
8.84
<2.0
15.0
2.9

Gross beta (pCi/1)

22.5
23.4
9.88

30.0
36.5
87.8
<1.34
35.1
26.3

19.7
29.1
32.5
26.3
29.0

22.3
15.2
10.6
16.6
33.6
36.1
30.1
38.9
41.0
7.6

See footnote at end of table.
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Table 3.1 (Continued)

Type of
Sample # sample*

7013 L
7014 L
7015 L
7016 L
7022 L
7023 L
7024 L
7034 L
7035 L
7036 L

1 L
4 L

Type of
Sample # sample*

7014 L
7015 L
7016 L
7022 L
7028 S

*S - surface sample

Gross alpha (pCi/1)

<3.0
<3.0
<3.0
<3.0
3.45

<3.0
<3.0
<3.0
<3.0
<3.0
7.3

<3.0

Ra-226 (pCi/1)

<1.6
3.9

<1. 6
2.4
1.6

Gross beta (pCi/1)

1.30
130
103
98.9
107
122
86.7
10.3
84.5
69.6
80
26

K-40 (pCi/D

138
136
98.9
104
124

,•
B = off site, background
G = groundwater from boreholes
L = leachate
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Table 3.2 Radiological quality of water in perimeter monitoring wells of
West Lake Landfill (concentrations reported in pCi/1)

Well #

18
59
60
61
62
63
65
66
67
68
50***

Ra-226

-
<3
-
-
<3
-
<3
<3
<3
<3
<3

Gross alpha*

-
3.2
-
-
2.8
-
12.4
4.3
5 •:

18.2
5

Gross beta*

-
9.9
-

-7.4
-
33.1
6.9
5.3

18.8
7.7

Gross alpha**

12.5
-
20.5
2.7
3.5
2.2
5.7
-
-
-1.3

Gross beta**

12.5
-
20.8
13.9
8.5
7.0
6.3
-
-

-
8.1

*Samples taken November 15, 1983.
**Samples taken March 21, 1984, by UMC personnel, analyzed by Environmental

Health Lab of St. Louis County Health Department, Clayton, Missouri.
***Well #50 used as background.
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Table 3.3 Radionuclide concentrations in well water samples: May 7-8, 1986

I

tVJ

Concentrations (pCi/1)

Radionuclide Well 50a Well 51

Gross alpha 2.2 2.2

Gross beta 7.5 4.4

Ra-226 —b

Ra-228

U-total

Th-228

Th-230

Th-232

Depth to water (m) 5.0 3.8

Well 52 Well 53 Well 54

1.9 11 4.4

7.5 16 14

0.4

1.7

22

0.5

0.9

0.3

3.2 3.3 15.5

Well 55 Well 56

4.8 5.7

14 12

0.2

0.3

8.9

0.3

0.9

0.8

11.5 11.5
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Table 3.3 (Continued)

Radlonucllde

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 58

5.8

15

0.3

2.9

13

0.6

1.5

0.7

14.0

Well 59

11

46

0.3

0.5

25

0.5

0.2

0.1

Not
determined

Concentrations (pCi/1)

Well 60 Well 61

14 3.3

19 14

2.5

1.6

19

0.5

4.4

0.1

3.5 4.5

Well 62 Well 65 Well 66

5.6 3.5 1.8

10 7.4 9.9

0.8

0.6

2.3

0.8

1.2

0.6

4.2 1.9 1.9



Table 3.3 (Continued)

ro
to

Radlonuclide

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 67

8.4

7.1

0.7

0.3

7.4

0.9

9.9

0.2

1.5

Concentrations (pCi/1)

Well 68 Well 72 Well 73

0.9 1.4 6.5

1.9 4.6 7.7

0.3

0.9

3.1

1.7

6.7

0.2

4.4 10.0 8.4

Well 75

11

22

—
--

16

0.6

12

0.2

7.6

Well 76 Well 80

3.6 0.4

6.9 3.2

—

—
2.2

0.3

0.0

0.1

13.8 5.3



Table 3.3 (Continued)

to
I

Concentrations (pCi/1)

Radlonuclide

Gross alpha

Gross beta

Ra-226

Ra-228

U- total

Th-228

Th-230

Th-232

Depth to water (m)

Well 81

7.9

16

0.8

0.4

4.9

0.9

0.9

0.3

4.8

Well 82

17

47

0.3

0.4

13

0.4

1.8

0.3

5.1

Well 83

9.0

18

3.4

4.6

1.6

0.2

0.4

1.0

3.9

Well 84 Well 87

13 1.5

27 7.2

1.7

5.8

9.0

0.6

1.3

1.1

7.0 9.4

Well 88 Well 89

11 3.7

18 9.1

2.3

0.2

3.0

1.1

1.5

4.0

8.6 7.5



Table 3.3 (Continued)

u>
ro
in

Radionuclide Well 90

Gross alpha 2.2

Gross beta 6.8

Ra-226

Ra-228

U-total

Th-228

Th-230

Th-232

Depth to water (m) 4.1

Well 92

7.3

11

1.0

0.8

17

0.5

0.1

0.4

13.1

Concentrations (pCi/1)

Well 93 Well 94

7.4 1.

22 9.

1.6

1.4

6.0

0.8

0.7

1.6

4.7 2.

6

9

1

aRefer to Figure 2.5 for well location.

Dash indicates analysis not performed.



Table 3.4 Radionuclide concentrations in Latty Avenue composite samples

Concentrations (pCi/gm)

Sample
t,

Composite 1

Composite 2

Average

U-235

3.6

4.4

4.0

± 0.3**

±0.3

±0.2

U-238

82 ± 8

62 ± 15

72 ± 9

Th-232*

2.3 ± 0.6

1.5 ± 0.5

1.9 ± 0.4

Th-230

8770 ±

8950 ±

8860 ±

100

370

190

Th-228

2.1 ± 0.5

2.0 ± 0.5

2.1 ± 0.3

Ra-226

64 ± 1

50 ± 1

57 ± 1

Ra-228

2.3 ± 0.6

1.5 ± 0.5

1.9 ± 0.4

Pa-231

114 ± 2

117 ± 8

116 ± 4

Ac-227

205 ± 2

Not
Performed

205 ± 2

*Based on Ra-228 and assumption of secular equilibrium of thorium decay series.
**Errors are 2a based only on counting statistics.

Source: Table 2 (Cole, 1981).
OJ
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4 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies
five acceptable options for disposal or onsite storage of wastes containing
low levels of uranium and thorium (46 FR 52061, October 23, 1981). ^Options 1-4
provide methods under 10 CFR 20.302, for onsite disposal of slightly contam-
inated materials, e.g., soil, if the concentrations of radioactivity are small
enough and other circumstances are satisfactory. The fifth option consists of
onsite storage pending availability of an appropriate disposal nethod. Table
4.1 shows the radionuclide concentrations specified for the disposal options.

The material present in the West Lake Landfill is a form of natural uranium
with daughters, although the daughters are not now in equilibrium. As
mentioned above, the average concentration of Ra-226 in the West Lake Landfill
wastes is about 90 pCi per gram, which (considered by itself) falls into
Option 4 of the BTP since Option 4 criteria are controlled by the Ra-226
content in the wastes (i.e., 200 pCi of U-238 plus U-234 per gram woultd be
accompanied by 100 pCi of Ra-226 per gram). However, because of the large
ratio of Th-230 radioactivity to that of Ra-226, the radioactive decay of the
Th-230 will increase the concentration of its decay product Ra-226 until
these two radionuclides are again in equilibrium. Assuming the ratio of
activities of 100:1 used above, the Ra-226 activity will increase by a factor
of five over the next 100 years, by a factor of nine 200 years from now, and
by a factor of thirty-five 1000 years from now. All radionuclides in the
decay chain after Ra-226 (and thus the Rn-222 gas flux) will also be increased
by similar multiples. Therefore, the long-term Ra-226 concentration will

Jk.
exceed the Option 4 criteria. ^
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Table 4.1 Summary of maximum soil concentrations permitted
under disposal options

Source: 46 Federal Register 52061

Kind of material

Natural thorium (Th-232
with daughters present
equilibrium. (pCi/g)

Natural uranium (U-238
with daughters present
equilibrium. (pCi/g)

Disposal options

la 2b 3C 4d

+ Th-228) 10 50 - 500
and in

+ U-234) .; 10 - 40 200
and in

a8ased on EPA uranium mill tailings cleanup standards.

Concentrations based on limiting individual intruder doses to
170 mrem per year.

Concentration based on limiting equivalent exposure to 0.02 WL or less

Concentrations based on limiting individual intruder doses to 500 mrem
per year and, in cases of natural uranium, limiting exposure to Rn-222
and its decay product airborne alpha emitters to 0.02 WL or less. .
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5 REMEDIAL ACTION ALTERNATIVE CONSIDERATIONS

The radioactive material as It presently exists does not pose an Immediate *,
health hazard for individuals living or working in the area of the landfill.
However, there is a long-term potential for the radioactive material to pose a
health problem. Therefore, this section discusses six (A-F) possible courses
of action, of which all but A and 0 are considered temporary. Option A. in
which no remedial action is proposed, is unacceptable because the
concentrations of radionuclides in the landfill will become too high^ Option A

described for comparison purposes only. Costs are based on the Oodge Guide
to Public Works and Heavy Construction, 1984-41

5.1 Option A: No Remedial Action

Under Option A, no remedial work would be done on the West Lake site. The land-

fill and the radioactive soil would be left in their present condition. The

contaminated areas would be available for demolition fill emplacement and final

closure. It is not certain how much additional fill would be emplaced. Filling

would be followed by normal landfill closure operations.

Normal closure procedures consist of applying at least 0.61 m (2 ft) of com-

pacted final cover. A 0.3-m (1 ft) layer of topsoil would be placed over the

cover and upgraded to support vegetation. Establishment of a vegetative cover
would require seeding, liming, and fertilization. Surface seeps of leachate

would be eliminated. Maintenance of the monitoring wells would be required to
allow continued sampling by MONR, should MDNR require such action. The public

would be discouraged from entering the site. After closure, a detailed descrip-

tion of the site would be filed with the County Recorder of Deeds. This de-

scription would include: a legal description of the site, types and location

of wastes present, depth of fill, and description of any environmental control

or monitoring systems requiring future maintenance (MDNR, January 1983). MDNR

regulations also specifically prohibit excavation or disruption of the closed

landfill without written approval of MDNR; no time frame is stated with this

regulation (MDNR, 1975).
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There would be no further cost under this option since no remedial actions would
be taken; i.e., costs are normal landfill costs.

5.2 Option B: Stabilization on Site With Restricted Land Use

Two areas in the landfill contain radioactive material. Therefore, the work

required for this option is described separately for
theless, restrictions would be imposed on the use of

each area. Never-
land within each area.

This would discourage future activities on these areas which might expose
individuals to radioactivity. No additional landfil
deposited on either area. •'•

Area 1

It is believed that a total of 2 to 3 m (7 to 10 ft)
to most of Area 1 since the 1981 land survey by RMC.

the radiation environment of the site. Measurements
Universities (ORAU) personnel in March 1984 (Berger)

small area exceeded the exposure rate of 20 uR/hr at

1 would be permitted to be

of soil has been added
This cover has altered
by Oak Ridge Associated
showed that only a very
1 m. By extending the

cover_20 m (66 ft) outward in all directions from the area showing an/unaccept-
able surface exposure rate, the shallow wastes likely to give high rates of

I
1•

1

'

radon emanation will also be covered. The amount of radioactive debris in
Area 1 is relatively minor compared with that present in Area 2. Therefore, a
jjnil rovpr nf 11 m (1 ft,") ic; rnnciriorarl aHequatp t.n

rates and radon emanation. After the soil cover is
topsoil-0.3 m (1 ft) thick would be emplaced, seeded

Area 2

reduce surface exposure
in place, a layer of
, and mulched.

Vegetation over Area 2 as well as on the slope of the berm would be cleared and

1

1
1•

I

1

placed in the demolition portion of the landfill or
Brush should not be left in place and covered since
of the soil cap. Grass should be mowed, and may be

disposed of as is convenient.
this may reduce the integrity
left in place.

The berm on the northwest portion of the landfill which contains an estimated
7,500 m3 (9,800 yd3) of contaminated soil would be excavated and redeposited in
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layers in a secure portion of the landfill. The actual amount can be determined
by survey during implementation of the work.

All equipment and materials now stored over Area 2 would be removed to other
portions of the site or disposed of as is convenient to the owners. Gravel
piles found on Area 2 should be removed to other portions of the site after
having been surveyed to ensure that contaminants have not been mixed with the
gravel. However, the lower 10 to 15 cm (4 to 6 in.) of rock should be left in
place and covered with the soil cap, since this gravel may have become mixed
with contaminated soil.

Such stabilization would place the contaminated soil well below the surface and
would prevent radioactive materials from eroding as can now occur along sections
of the berm. Stabilization would require emplacement of a soil cover of 48,000 m3

(63,000 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil at the top
of the berm. At least 1.5 m (5 ft) of soil cover would be used, as this much
soil will be required to reduce radon gas exhalation. The final slope of 3:1
on the berm would be shallow enough to prevent failure and, after the cover is
emplaced, it should be further covered with at least 0.3 m (1 ft) of topsoil
and seeded with native grasses to prevent erosion. The slope would be directed
radially outward from the center of the cap. An interceptor ditch would be
provided around the cap to channel runoff and prevent gullies from being cut
into the stabilized cover. The cover soil presently used in the landfill ing
operations may be used to stabilize the berm. This soil is a clay silt (loess)
excavated near the West Lake Landfill site.

The portion of Area 2 to be covered by the soil cap includes that portion of
the landfill identified in the RMC survey as having surface exposure rates
greater than 20 pR/hr at 1 m (3.3 ft) above ground level, along with those
areas in which auger holes revealed radium-bearing soil within 1 m of the sur-
face. The shallow contaminants may be sufficiently shielded to produce low
surface exposure rates; however, these shallow deposits will still produce
radon emanations greater than the desired level of 20 pCi/m2s. Therefore, the
soil cover must be extended over these areas of shallow contamination.

5-3



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The cover soil used should be capable of compaction to a permeability of less
than 10-7 cra/s in order to keep radon release and soil leaching as low as pos-

sible. This value is based on common practices used for sealing of hazardous

waste landfills. Because accurately measuring permeability of this magnitude

is difficult, the value of 10-7 cm/s should be used only as a target cri-

terion which should, if possible, be bettered. If laboratory testing of the
cover soil presently used at the West Lake Landfill indicates that this perme-

ability can be achieved, this soil would be acceptable for use as the soil cap.

Otherwise, clay soil would have to be imported from off the site to be used in
constructing the soil cap.

The overall estimated cost for the required work under Option B is approximately

$360,000 (Table 5.1) and would require about 2 months to complete. Costs of this
option may be higher if the total quantity of contaminated material to be moved
is higher than the estimated quantity.

5.3 Option C: Extending the Landfill Off Site

Soil eroding on the northwest berm of Area 2 is carrying contaminated soil off

the landfill property onto an adjacent cultivated field. A contributing factor

to the erosion is the steepness of the berm. It would, therefore, be desirable

to lessen the slope's steepness by extending the berm onto the adjacent field.
This option would require the acquisition of approximately 2 ha (5 acres) of

land not owned by the landfill company.

In this option, Area 1 would be treated the same as in Option B. The contamin-

ated portion of the northwestern berm of Area 2 would not be disturbed. Instead
the existing berm would be extended 13 to 16 m (42 to 52 ft) onto the adjacent

field. This would require an additional solid volume of approximately 20,200 m3

(26,400 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil on top of

the berm. As in Option B, this cover should receive an additional 0.3 m (1 ft)
of topsoil and be seeded with native grasses to prevent erosion.

This option will require the relocation of three transmission poles. All other

necessary work for Option C is as described for Option B.
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The overall estimated cost for required work under Option C is approximately
$470,000 (Table 5.2) and would require about 2 months to complete. The extent

of work required under this option is well defined.

5.4 Option D: Removing Radioactive Soil and Relocating It

This option would involve excavating and removing all contaminated soil and

debris from the West Lake Landfill and relocating it to an authorized disposal

facility.

Vegetation over Areas 1 and 2 would-be cleared and placed in the demolition

portion of the West Lake Landfill.

All equipment stored on the two contaminated areas would be removed to another
portion of the site. Gravel piles in Area 2 should be removed. The lower 10 to
15 cm (4 to 6 in.) of rock should be left in place to be disposed of with other
contaminated materials, since this gravel may have become mixed with contaminated

soil at the surface.

The areas known to contain radioactive contamination at levels above the action

criteria (20 uR/hr at 1 m) would be excavated initially. Next, the excavated
area would be surveyed to determine the extent of contamination remaining. Ex-

cavation would continue until unacceptable levels of contamination have been

removed. Immediately after excavation, the soil would be placed in 208-liter
(55 gal) approved drums (or other approved containers) for transport. Contain-
ment in the drums will prevent the spread of dust and loose soil during

transport.

Some of the nonradiological hazardous material known to be present in the

landfill could present a serious danger to workers should they excavate into

this material. Proper precautions should, therefore, be taken as the work is

being performed.

Estimated costs under Option D would be $2,500,000 (Table 5.3). Transporting

the contaminated soil to another site and emplacing the material there would

significantly add to the cost. This option could be completed in about
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3 months, providing that a suitable disposal facility were available to receive
the contaminated waste.

5.5 Option E: Excavation and Temporary Onsite Storage in a Trench

Under this option, as much radioactive soil would be excavated as in Option 0
and would be placed in a specially prepared trench on the West Lake site but
would not be placed in drums. This trench would become a temporary repository
for the radioactive soil. The trench would be surrounded by an impervious clay
liner to minimize leachate production and transport into the groundwater system.
The cap should give acceptable rates of surface exposure and acceptable rates
of radon gas release.

As under Option D,, surface vegetation, machinery, and piles of crushed rock
would be removed from the surface of areas to be excavated. Design of the
trench is based upon the "secure landfill concept" (Shuster and Wagner, 1980)
with three primary functions: eliminate direct gamma-ray exposure at the ground
surface, reduce radon emanation, and prevent leaching of radionuclides to the
groundwater system.

The excavated area would be cut to a maximum elevation of 140 m (460 ft) rosl
over the area to be covered by the trench. The base of the trench would cover
an area 120 x 120 m (394 x 394 ft) and would have a negligible slope. Low spots
would be filled with borrow soil* compacted to at least 30% of its standard
Proctor density (SPO). Once the base for the trench has been leveled to a
final elevation of about 140 m (460 ft) msl, a blanket of borrow soil at least
1.5 m (5 ft) thick compacted to at least 90% SPD would be emplaced. Specifica-
tion of compaction of this underlayer is based on the requirement of avoiding
subsidence which could cause the clay liner to crack and fail. A clay liner
would be placed above the underlayer. The liner would be 0.5 m (1.6 ft) thick
and would have a permeability less than 10-8 cm/s (4 x 10-9 in./s). An
impermeable plastic liner could also be used.

*Borrow soil refers to a clayey-silt loess (Soil Conservation Service type CL)
excavated southeast of the site for use as daily cover in the landfilling
operation.
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Sides of the trench would be built at a 3:1 slope up to the level of the surround-
ing undisturbed landfill surface, about 143 m (470 ft) msl. The walls would

consist of an underlayer and liner as described for the base. A layer of
crusher-run limestone 0.5 m (1.6 ft) thick would be placed on top of the liner

to allow leachate buildup in the trench to be monitored and to facilitate pump-

ing should leachate buildup become a problem.

After the base and walls of the trench have been built, the previously exca-

vated debris would be placed in the trench. Then the remaining radioactive
debris would be excavated and placed in the trench. As excavation proceeds, it

will become apparent how much volume: the trench must have to contain all the
contaminated soil. At this point, the walls of the trench would be raised to
an appropriate level. Excavation and filling can then proceed until the work
is complete. The final thickness of debris is expected to be from 4 to 6 m
(13 to 20 ft).

A cover, as described below, would be placed over the debris. A 1 m (3 ft)
layer of borrow soil compacted to 90% SPD will be placed over the debris. A

clay liner 0.5 m (1.6 ft) thick of permeability less than 10-8 cm/s (4 x
10-9 in./s) would be placed over the borrow soil blanket. A 0.5-m (l.-6-ft) layer

of crusher-run limestone would be placed over the clay layer to prevent
infiltration water from building up over the liner. A cover soil layer of

average thickness about 2 m (7 ft) would be placed over the rock layer.

The cover soil would be compacted and built with a surface slope of from 2% to
4% to minimize erosion. Three-tenths of a meter (1 ft) of top soil would be

placed over the cover layer and would be seeded and mulched to establish a vege-

tative cover.

Once the trench has been prepared to accept the soil, workers may begin to

excavate contaminated soil. As under Option C, an initial excavation would
remove the area of known contamination, and a cleanup phase would remove all
soil containing radionuclide concentrations above an action level of 15 pCi/g

Ra-226. As soon as the soil has been excavated, it would be hauled to the

trench and emplaced. The contaminated soil should be sufficiently compacted to

5-7
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prevent settling, to maintain the integrity of the soil cap. As fill is being

emplaced, the pipe for a monitoring well would be extended upward from the base
of the gravel underdrain. This well should be designed in a manner that would
allow future installation of a pump for drawing off leachate should this become

necessary.

Costs for Option E would be approximately $2,150,000 (Table 5.4). The estimated

costs vary somewhat, since the exact limits of excavation cannot be defined until

work begins. This work would require approximately 4 nonths to complete.

5.6 Option F: Construction of a Slurry Wall to Prevent Offsite Leachate

Migration

Under Option F, radioactive soil would be left in place at the West Lake site.
The wastes would be stabilized by means of a soil cover (as under Option B) and

a downgradient slurry wall would be built around the contaminated soil. The

slurry wall would be intended to keep leachate from migrating off site. This
remedial action would be somewhat more effective than Option B in reducing the

potential for groundwater contamination. However, costs incurred would be
substantially higher than those for Option B or C. Benefits would be^nearly

identical to those derived by the soil cover and berm stabilization alone; the
sole advantage of Option F over Option B or C would be greater protection to *

groundwater in the Missouri River alluvium.

Vegetation, machinery, and piles of crushed rock would have to be removed as
described for Option B. A slurry wall would be constructed by excavating a

trench [approximately 1m (3.3 ft) wide] to the depth of bedrock. This trench
would be bored out in the presence of a mud weighted with bentonite (clay) to

keep the walls from collapsing and to keep groundwater from intruding into the

trench. The trench would be excavated in sections 6 to 8 m (20 to 26 ft) long.
Once a section of trench has been excavated, concrete would be poured by tremie

into the trench to displace the slurry. The final slurry walls would each

consist of a concrete slab about 1 m (3.3 ft) thick extending to bedrock and

partially.encircling the bodies of radioactive soil in both Areas 1 and 2. A

total of approximately 1300 linear meters (4,300 ft) of wall would be con-

structed to depths varying from 5 to 15 m (16 to 50 ft).

5-8
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After each of the slurry walls had been emplaced, fill would be added along the
face of the berm to stabilize the slope. Finally, a soil cover would be placed
over the contaminated areas. The berm would be stabilized and the soil cover
would be placed as outlined for Option B.

Costs of work required for Option F would be approximately $5,600,000
(Table 5.5). The exact amount of slurry wall cannot be determined until work
is begun; therefore, this cost will be highly variable. Since the walls should
extend to bedrock, the depth of soil and landfill debris will govern the depth
of the required wall. Slight errors in estiBating the depth of alluvium could
result in large errors in the cost estimate. It is estimated that it would
take 6 to 8 months to complete this option.

5-9
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Table 5.1 Itemized cost of remedial action, Option B

Item Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha

Remove Shuman Building

$1850/ha

Excavate contaminated
soil and redeposit
it at a secure site

Emplace soil cover

Bury clean rubble

Seed and mulch cover
Subtotal

Contingency @ 10%

.Engineering and legal
fees @ 5%

Estimated total cost

7500 m3 $10/m3

48,000:m3 $4.64/m3

225 m3 . $12.50/m3

3.3 ha $2165/ha

$ 5,365 *

$ 6,200 **

$ 75,000 t

$222,720

$ 2,812

$ 7,145

$319,242

31,924

15.962

$360,000

t

t

tt

*Dodge Guide to Public Works and Heavy Construction. 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimated cost.
ttAdjusted for deletion of building removal.
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1 Table 5.2 Itemized cost of

•

Item Quantity

_ Clearing and grubbing 2.9 ha
I
• Remove Shuman Building

•
Relocate power 3
transmission poles

I Stablize berm (fill) 20,200 m3

••
Emplace soil cover 48,000 m3

I Bury clean rubble 225 m3

Seed and mulch cover 3.3 ha
I Subtotal

Contingency I? 10%
I
• Engineering and legal

fees @ 5%

| Land acquisition 2 ha
Estimated total cost

remedial action, Option C

Unit price Cost Reference

$1850/ha $ 5,365 *

$ 6,200 **

$2060 $ 6,180 t

$6.70/m3 $135,340 t

$4.64/m3 $222,720 t

$12.50/m3 $ 2,812 t

$2165/ha $ 7,145 *
$385,762

38,576

19,290

$15,500/ha 31,000

$470,000

*0odge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc.,
• Avenue Site, Hazel wood, Missouri,
• (This Butler-type building has al

I tBased on best estimated cost.

1

1

1

1

1

"Engineering Evaluation of the Latty
" NRC Contract No. NRC-02-77-197, 1978
ready been removed. )
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Table 5.3 Itemized cost of remedial action, Option D

Item

Clearing and grubbing

Remove Shuman Building

Bury clean rubble

Excavate contaminated soil

Site decontamination

Packing waste for transportation

Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%
Estimated total cost

*Dodge Guide to Public Works and

Quantity Unit price Cost Reference

2.9 ha $1850/ha $ 5,365 *

$ 6,200 **

230 m3 $12.5/m3 $ 2,875 t

70,000 m3 $5.25/m3 $ 367,500 t.tt

27,600 m3 $1.4/m2 $ 38,640 ***

70,000 m3 $25/m3 $1,750,000 t

$2,170,580

217,058

108,529

$2,500,000***

Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

***No costs have been included here for moving the waste, for emplacing it and
for disposal facility users fees.

tBased upon best estimate.
ttEstimated quantity of soil having Ra-226 concentrations of 15 pCi/g or more.
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Table 5.4 Itemized cost of remedial action, Option E

Item Quantity Unit price

Prepare secure trench 80,000 m3 $9/m3

Clearing and grubbing 2.9 ha $l,850/ha

Remove Shuman building

Bury clean rubble 230 m3 $12.5/m3

Excavate contaminated 70,000 m3 $5.25/m3
soil -;

Site decontamination 27,600 m3 . $1.40/m3

Emplace contaminated 70,000 m3 $10.3/m3
soil

Monitoring well — —

Seed and mulch cover 0.08 ha $2,165/ha
Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%

Estimated total cost

* Dodge Guide to Public Works and Heavy Construction,
**Ford, Bacon and Davis Utah, Inc. , "Engineering Eval
Avenue Site, Hazel wood, Missouri," NRC Contract No.
(This Butler-type building has already been removed

t Based on best estimate.

5-13

Cost Reference

$ 720,000 *

$ 5,365 *

$ 6,200 **

$ 2,875 *

$ 367,500 *

$ 38,640 t

$ 722,200 *

$ 6,000 *

$ 200 t

$1,868,980

186,900
..•

93,450

$2,150,000

1984.
uation of the Latty
NRC-02-77-197, 1978.
.)
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Table 5.5 Itemized cost of remedial action, Option F

Item

Clearing and grubbing

Remove Shuman building

Relocate power
transmission poles

Construct slurry wall

Stabilize berm

Emplace soil cap

Bury clean rubble

Seed and mulch cover
Subtotal

Contingency @ 10%

Engineering and legal
fees @ 5%

Land acquisition
Estimated total cost

*Dodge Guide to Public

Quantity

2.9 ha

7 poles

11,000 m2

20,200 m3

48,000 m3

225 m3

3.3 ha

2 ha

Works and Heavy

Unit price

$l,850/ha

$2,060/13

$402/m2

$6.70/m3

$4. 64/m3

$12.5/m3

$2,165/ha

$15,500/ha

Construction,

Cost

$ 5,365

$ 6,200

$ 14,420

$4,422,000

$ 135,340

$ 222,720

$ 2,812

$ 7,145
$4,816,002

481,600

240,800

31,000
$5,600,000

1984.

Reference

*

**

t

A

t

t

t

*

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimate.
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ABSTRACT

An aerial radiological survey to measure terrestrial gamma radiation was carried out over the Mallinckrodt
Nuclear Maryland Heights Facility during October 1977.

At the same time the following properties were also surveyed: a parcel near 9200 West Latty Avenue, which
included a portion of St. Louis International Airport; and land used by West Lake Landfill. Inc.. which is 8 km
northwest of the airport.

Gamma ray data were collected by flying parallel lines 60 m apart. The total area surveyed over the three
sites was 7.4 km2.

Processed data indicated that detected radioisotopes and their associated gamma ray exposure rates were
consistent with those expected from normal background emitters, except at certain locations described in
this report.

Average exposure rates 1 m above the ground, as calculated from aerial data, are presented in the form of
an isopleth map. No ground sample data were taken at the time of the aerial survey.
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1.0 INTRODUCTION

The United States Department of Energy (DOE)
maintains an aerial surveillance operation called
the Aerial Measuring System (AMS).' AMS is
operated for DOE by EG&G. This continuing
nationwide program, started in 1958, involves
surveys to monitor radiation levels in and around
facilities producing, utilizing, or storing
radioactive materials. The purpose of the survey
is to document, at a given point in time, the
location of all areas containing gamma emitting
radioactivity (visible at the surface), and to aid
local personnel in evaluating the magnitude and
spatial extent of any radioactive contaminants
released into the environment. At the request of
DOE, or other federal and/or state agencies (such
as the United States Nuclear Regulatory
Commission), AMS is deployed for various aerial
survey operations.

AMS was utilized during the period 22-28
October 1977 to radiometrically survey an area
1.6 km2 centered on the Mallinckrodt Nuclear
Maryland Heights Facility. Also surveyed was an
area 3.2 km2 surrounding 9200 West Latty
Avenue, which included a portion of the St. Louis
International Airport A third site surveyed was a
2.6 km2 area centered on property operated by
West Lake Landfill, Inc.. 8 km northwest of the
airport.

The St. Louis International Airport was the survey
base of operation.

2.0 SURVEY AREA HISTORY
AND LOCATION

The Mallinckrodf Nuclear Maryland Heights
Facility is located at 2703 Wagoner Place. St.
Louis. M issour i . This p lant r ece i ves
radioisotopes from various vendors and converts
them to radio pharmaceutical materials. Radio-
isotopes which they handle include 131I, ""'Tc.
"Mo. 7*Se. and »Fe. Mallinckrodt Nuclear is a
Division of Mallinckrodt. Inc. (formerly,
Mallinckrodt Chemical Works). Mallinckrodt. Inc.
acquired the Maryland Heights facility from
•Nuclear Consultants, Inc. in 1965.

It is reported in an ORNL report2 and a NRC
report3 that during the period 1942 through the
late 1950's Mallinckrodt Chemical Works of St.
Louis processed uranium ore. Some of the ore

residues and processed wastes were stored on
the airport property.

In early 19GC these ore residues and uranium-
bearing processed wastes were moved from the
airport property by the Continental Mining and
Milling Company of Chicago. Illinois to the Latty
Avenue site.

In January, 1967 the Commercial Discount
Corporation of Chicago, Illinois purchased the
residues; much of the material was then dried and
shipped to the Cotter Corporation facilities in
Canon City, Colorado. The source material
remaining at the Latty Avenue site was sold to the
Cotter Corporation in December, 1969. Records
indicate that residues remaining on the site at that
time included 74,000 tons of Belgian Congo
pitchblende raffinate containing about 113 tons
of uranium; 32,500 tons of Colorado raffinate
containing about 48 tons of uranium; and 8,700
tons of leached barium sulfate containing about 7
tons of uranium. During the period August
through November, 1970 Cotter Corporation
dried some of the remaining residues and
shipped them to their mill in Canon City,
Colorado. By December, 1970 an estimated
10.000 tons of Colorado raffinate and 8,700 tons
of leached barium sulfate remained at the Latly
Avenue site.

In April, 1974 a NRC inspector was informed that
the remaining Colorado raffinale had been
shipped in mid-1973 to Canon City without
flrying ano that the leached barium sulfate had
been transported to a landtill area in St. Louis
County. A reported 12 to 18 inches of topsoil had
been stripped from the Latty Avenue site: this
supposedly had been removed with the leached
barium sulfate. However, analyses of soil
samples taken during a NRC investigation of the
Latty Avenue site in 1976 indicated the presence
of uranium- and thorium-bearing residues.

The West Lake Landfill property is located off St.
Charles Rock Road near Taussig Road,
approximately 8 km northwest of the airport.

3.0 SURVEY METHOD AND
AIRBORNE EQUIPMENT

An enlarged aerial photo of each site was used to
lay out the survey flight lines (Figures 1, 2, and
3). The navigator visually directed the aircraft

'Formerly Aerial Measuring Systum (ARMS)
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along the programmed flight linos on the
photograph. The survey pattern consisted of
parallel lines at 60 m intervals. Flight altitude was
60 m.

A Hughes H-500 helicopter was utilized for the
survey (Figure 4). The H-500 carried a crew of
two: pilot and navigator. The helicopter
employed a lightweight version of the Radiation
and Environmental Data Acquisition and
Recorder system (REDAR). Two pods were
mounted on the sides of the helicopter: each pod
contained ten 12.7 cm diameter by 5.1 cm height
Nal(TI) detectors. Gamma ray signals from the
20 detectors were summed and routod through
ah anaiog-to-digital converter and a pulsc-height
analyzer. Gamma spectra were accumulated in
3-second intervals and recorded on 1/2 inch
magnetic tape.

The helicopter position was established with two
systems: a Trisponder/202A Microwave Ranging
System (MRS), and an AL-101 radio
altimeter. The trisponder master station

mounted in the helicopter interrogated two
remote transceivers mounted on towers outsidi
the survey area. By measuring the round trip
propagation time between the master and remote
stations, the master computed the distance to
each. These distances were recorded on
magnetic tape each second; in subsequent
computer processing these were converted to
position coordinates.

The radio altimeter similarly measured the time
lag for the return of a pulsed signal and converted
this to aircraft altitude. For altitudes up to 150 m.
the accuracy was ± 0.6 m or ± 2%, whichever is
greater. These data were also recorded on
magnetic tape so that any variations in gamma
signal strength caused by altitude fluctuation
could be accurately compensated.

The detectors and electronic systems which
accumulate and record the data are described
only briefly here. They are described in
considerable detail in a previous report.1

Flflur* 4. HUGHES H-500 HELICOPTER CONTAINING THE RCDAR SYS1LM
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4.0 DATA PROCESSING

Data processing was done with the Radiation and
Environmental Data Analyzer and Computer
system (REDAC). This is a computer analysis
laboratory mounted in a mobile van (Figure 5).

REDAC consists primarily of two Cipher Data
tape drives, a Data General NOVA 840 computer,
two Calcomp plotters, and a Tektronics CRT
display screen. The computer has a 32 k-word
core memory and an additional 1.2 x lO^-word
disc memory. An extensive collection of
software routines is available for data processing.

The gross count data were corrected for system
dead time and altitude deviation. Corrections to
the gross count rates were also made for
contributions from radon, aircraft background,

and cosmic rays. Flights over the Missouri River
were used for this purpose.

The corrected gross count rates were converted
to exposure rates at 1 m altitude, with the factor

^1024 counts per second (cps) per /yR/h obtained
from calibration data over a Nevada test range.

5.0 DISCUSSION AND RESULTS

Analysis of the radiological data taken over the
area surrounding each of the sites discussed in
this report indicates that the terrestrial
/adioisotopes and associated gamma ray
exposure rates were consistent with the natural
background normallvfound within areas having a
similar geological basis. These background
exposure rates were in the 8-11 /^R/h range,
including 3.7 /;R/h due to cosmic rays.

L-..S" V

Flour* 5. MOBILE COMPUTER PROCESSING LABORA TORY
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5.1 Mallinckrodt Nuclear

Figure 6 presents gross count rate isopleths
superimposed on an aerial photograph of the
Mall inckrodt Nuclear Maryland Heights
Facility. The isopleths shown in this figure are
consistent with the existence of point sources in a
storage room which has heavily shielded walls at
the ground level but a lightly shielded roof. Due
to this difference in shielding the aerially
determined isopleths are not representative of
what would be measured on the ground. For this

reason, and because conversion factors apply
only to uniform horizontal distributions at the
ground level, the letter labels in Figure 6 have not
been converted to exposure rates at the 1 m level.

Figure 7 is a background-subtracted energy
spectrum of the radiation from the area of
increased activity. Photopeaks observed are 364
keV and 637 keV from '3'!, 740 keV and 780 keV
from 99Mo, and 1.095 MeV and 1.292 MeV from
saFe. All three of these isotopes are received by
the Facility for processing.

1.0

I

I

I

I

I

I

I

I

I

I

I

I 1 1 1 1 1 1 1 1 1 1

I 1 1 1 1 H 1 1 1 1 1

+.0 +.5 1.0 l.S 8.0 2.5

ENERGY CMEV)
Flgura 7. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: MALLINCKRODT NUCLEAR SITE

This spectrum charactenzos the enhanced activity obsotvud in Figure 6.

3.0
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100 100 MO 400 MM MQ METER*

GROSS COUNT
CONVERSION SCALE

LETTER
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0
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1
i
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L

GAMMA '
EXPOSURE RATE'

1 m LEVEL

< 6
e e
a 10

10 13
13 17
17 }4
24 33
33 41
«i (2
ft2 f

64 116
116 160

• Amngtd onr dcucubi* Md-oi-
»!•• K tO m tiiiiud* «nd
«grtfmoUl««) l» m* 1 m ttrtt

Figure B. EXPOSURE RATE ISOPLETHS: LATTY AVENUE



I
5.2 Latty Avenue and Airport

j-ujurc 8 presents the exposure rate isopleths
superimposed on an aerial photograph of the
site. Figure 9 is a background-subtracted energy
spoctrum of the radiation characteristics of both
.treas of increased activity. Radiation from 214Bi
accounts for all the major photopeaks observed.

This isopleth map (Figure 8) is based on gross
counts (integral counts in the energy region

between .05 MeV and 3 MeV). The factor used to
convert these counts to the exposure rate at the 1
m level was determined from measurements at a
calibration site containing a typical mix of
naturally occurring radionuclides. Since the
spectrum shown in Figure 9 is different from a
typical natural spectrum, the conversion factor
may be in error. The isopleths, which represent
ground level exposure rates for distributed
sources, are consistent with sources whose
lateral dimensions are a few hundred feet.

I

I

I

I

I

I

I

I

I

I

I

I

I 1-1 1 1 I M 1 1

1.5 2.0 2.5 3.0

ENERGY CMEV)
Figure 9. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: LATTY AVENUE

This spectrum ol gamma radiation was characteristic of the areas ol increased activity at Latty Avenue and the airport as
Shown in Figure ft
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5.3 West Lake Landfill

Figure 10 presents the exposure rate isopleths
superimposed on an aerial photograph of the
site. Figure 11 is a background-subtracted

energy spectrum of the radiation characteristic c
both areas of increased activity. Radiation froi
214Bi accounts for all the major photopeak
observed.

0 1.0 1.5 2.0

ENERGY CMEV)
2.5 3.0

Flgur* 11. BACKGROUND-SUBTRACTED ENERGY SPECTRUM: WEST LAKE LANDFILL
shown here characterize both areas of enhanced activity in Figure TO.
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«?EPA POTENTIAL H A Z A R D O U S WASTE SITE
TENTATIVE DISPOSITION

File this form in the regional Hazardous Vsste Log
System; Hazardous Waste Enforcement T*sk Force

REGION S I T E N U M B E R

VTT MOnOTQPOOQ T?
File «nd submit • copy to: U.S. Environmental Protection Agency; Site Tricking
(EN-335)-. 401 U St.. SW; W.shineton. DC 20460.

I. SITE IDENTIFICATION
A . S I T E N A M E

West lake Landfill

B. STREET

'13570 St. Charles Rock Rd.
C. C I T Y

Bridgeton
0. STATE E. ZIP CODE

63044
II. T E N T A T I V E DISPOSITION

Indicate the recommended sctionCf j •nd •eencyfiea) that should be Involved by reirklng 'X' In the •pproorisle boxes.

R E C O M M E N D A T I O N
U A H

A. NO A C T I O N N E E D E D - NO H A Z A R D

B. I N V E S T I G A T I V E ACTIONIS l N E E D E D (11 ?••• compltit Smellon til.)

C. R E M E D I A L A C T I O N N E E D E D (II ?•*. compf«>* Jecclon IV.)

E N F O R C E M E N T A C T I O N N E E D E D
0. b« pr/m»rr/x mantftd'bi' f/l« EPA or

It »ntieipmi*d.)

(II Y»*. *P*elly In Ptrl E wnec/i«r th* c»«« trill
tft» Stmt* mnd wnar lyp* oi •n/ore«m*nr mctlon

ACTION A G E N C Y

K ' X - C P A J T A T C L O C A L • P R I V A T E

'.• • '•-'••:•'.' ' •' " '''^''. •" '•

X

E; R A T I O N A L E FOR D I S P O S I T I O N

Dioxin has not been discovered at this site in any of the sampling efforts, nor does then

appear to be a problem with any of the 'standard' hazardous wastes. There is strong

evidence of radioactive components above acceptable limits in the landfill. No of|-site

migration of these components is apparent. Strategy for this site is uncertain. (J*
F . I N D I C A T E T H E E S T I M A T E D D A T E O F F I N A L D I S P O S I T I O N

(mo., dmy.ti yr.)

H . P R E P A R E R I N F O R M A T I O N

Steven Kinser

G. IF A CASE D E V E L O P M E N T P L A N IS N E C E S S A R Y . I N D I C A T E THE
E S T I M A T E D D A T E O N WHICH T H E P L A N W I L L B E D E V E L O P E D
fcio.. d*r. & rr.)

1. T C L C P M O M C >•

913-236-285
I U M B C R J. 0* TC Cmo.. d*T. * rr.) _

6 11-06-85
III. I N V E S T I G A T I V E ACTIVITY N E E D E D

A. I D E N T I F Y A D D I T I O N A L I N F O R M A T I O N N E E D E D TO A C H I E V E A F I N A L DISPOSITION.

See Above.

8. PROPOSED I N V E S T I G A T I V E ACTIVITY (D*ttlt*<l Information)

i . M E T H O D FOR O B T A I N I N G
N E E D E D A D D I T I O N A L I N F O .

in

in

in
'

b . T V E O r U O M I T O R I M C

M l

« "'

I I I

-. J- l I f\\

• • i

IPA ?..- T 2 0 7 0 - « ( 1 0 - 7 7 )

2. S C H E D U L E D
D A T E O F
ACTION

(mo.dtr. & yr)

^REfftf ^

3. TO BC
P E R F O R M E D BY

(EPA. Con-
trmctor. 5i«(«, He.)

/

4.
E S T I M A T E D
M A N H O U R S

t— '

t . R E M A R K S

t'JPERFBNC"

;CV r < '9 r-
S1TE LOG

Coming On R . Y , , * *
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MISSOURI DEPARTMENT OF NATURAL RESOuKCL
_ ~ DIVISION OF ENVIRONMENTAL QUALITY
• LABORATORY SERVICES PROGRAM

I REPORT OF SAMPLE ANALYSIS

m LANDFILL MONITORING PROJECT
T

| NAME OF FACILITY West Lake

SAMPLES COLLECTED BY «tf*» MnmTn

1 * NOTE:

SAMPLE DESCRIPTION

• DATE COLLECTED
m SAMPLE NUMBER

IpH Units
Specific Cond. (unhos/cm

@ 25° C)

lligrams per liter

BOD

ICOD
BH. as N
HO-j+N02 as N

1' "Total PTotal Sulfide
TOC

1Total Cyanide
Non-Filterable Residue (SS)
Filterable Residue (IDS) '

§Alkalinity as CaCO-jFluoride ,
p: Chloride 2-CO V
•Sulface
par does s as CaCOj (Ca, Mg, Fe,

Zn, Mn)
Potassium, Dissolved
•Sodium, Dissolved
•Calcium, Dissolved
Magnesium, Dissolved

1
Icrograms per liter

•tadmium, Dissolved O
fthrooium, Dissolved
Copper, Dissolved

ton, Dissolved , ng/1 \"b ̂
ad, Dissolved r°

Manganese, Dissolved 50 "̂

fercury, Dissolved
ickel, Dissolved
lac. Dissolved , ny/1

Arsenic , Dissolved _ - -
•liver, Dissolved _.
• Q̂uantity not sufficient • w-

Well §41

10-1-80
80-7418

6.3
4000

1̂2
19.6
0.31
3.00
0.07

L̂ 0.1
63.1
-̂0.01
126
2744

690
0.17

1100
1450

12.3
268
429
93

7.2

5
2.08
4

670
ONS*
no
9.72
<5
0.4

i

Landfill

DATE(S)

Veil §40

10-1-80
80-7419

6.7
1450

-

^ 1225 1 8
0-.09

-£.0.05
0.03

<*. 0.1
37.6

^ 0.01
162
839

• 500

' 7.07
177
591

7.6
33.8
166
43

•

0.6

5
2.82

3

1310
QNS*

3.50

0.2 .
ŷh

10-1-80

Bahn Farmhouse Well

10-1-80
80-7420

6.7
1000

*

" -54 *' • •
90.9̂ -
0.15
0.47

- 0.03

•̂ - 0.1
67.3

.̂0.01
300
496

360 .
__0.61

1'°
44
399

6.9
6.1
222
23

0.1

•̂1
3.13

2
•

770
QNS*

0.05

-C5
0.4
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MISSOURI DEPARTMENT OF NATURAL RESOURCES
• D I V I S I O N O F ENVIRONMENTAL QUALITY

LABORATORY SERVICES PROGRAM

1 REPORT OF SAMPLE ANALYSIS
LANDFILL MONITORING PROJECT

I NAME OF FACILITY Vest Lake Landfill

SAMPLES COLLECTED BY Mike Lincoln

I NOTE:

SAMPLE DESCRIPTION

| DATE COLLECTED
SAMPLE NTMBER

&H Units
Specific Cond. (umhos/cm

e 250 o
JKligrams per liter

£
D
D
- as N

N03-H402 as N
Kotal P

^otal Sulfide
TOC

Iotal Cyanide
on-Filterable Residue (SS)

Filterable Residue (IDS)

Alkalinity as CaC03
Vluoride
Chloride
•ulfate
Jardness as CaCOj (Ca, Mg, Fe,

Zn, Mn)
Aotassium , Dissolved
•odium/ Dissolved
Talcium, Dissolved •
Hagnesium, Dissolved '

1
icrograms per liter

tdmium, Dissolved
romium/ Dissolved

Copper / Dissolved
ft-on / Dissolved, ntg/1
^ad , Dissolved

Manganese , Dissolved

f rcury , Dissolved
ckel , Dissolved

Zinc , Dissolved, ng/1

Fox Fish Market Veil
10-1-80
80-7421

6.6
950

:^_ 12
4.3

0.37
<L 0.05

0.21

*Z 0.1
18.0

11
492

396
0.42
7.0'
63

394

3.8
18.4
110

29

0.2

4
4.18

2

290
Otis*

0.02

.

DATE(S) 10-1-80

Shallow Veil § Bob's Auto Parts
10-1-80
80-7422

6.6
1900
• ;

' **• 12
12.1
0.23

^.0.05
€.43

«.0.1
35.7

^.0.01
38

• 918

580
0.22
112
84'

623

10.3
54.5
187
38

' • i

0.7

• 3
18.6

7
• i
790 '
QVS* . i

•C20
1.39

§senic , Dissolved
Iver, Dissolved

Quantity Dot sufficient
0.2 0.3
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1

IJ»'
I/ {/ ' Report of Radionuclide Analysis of

£ ' ' Water Sample
(1/r Public Water Supply
v| U.S. Environmental Protection Agency

(To be filled out by public water lupply) W*- {*<****> - ///*'/

**££&£:*** -7/A7 Date /* / J ' ," - /***
PWS Name f>ff>^ (^-/7x<^^, /fiL<tf/-fit<' *»»*'» (Mo.) (Day)
Address , /?^ £* x j?**
City 7+ffejtt** tf/rv State /^V Zip Code

(To be filled out by laboratory)
Dept. of Community Health & Medical Care

Lab Running Sample Environ. Health Laboratories
Address and City 801 S. Brentvood Blvd.. Clayton. Mo. 63105
Lab ID No. 00260 Analyst Staff

Contaminant Analysis Analysis Analysis
Name Result Date ' Method

' -\
Gross Alpha Particle ) . • .
Activity (5pc./l y 9.£3.t/G/U /Ji 1 </ ift s/Z//?ft

l^Radlum « 22o^ 0. £ f. /., &.X- /J.I ** I jro JM-teeSi''
g^llum • I2B / / /

Gross Beta Particle
Activity (SOoc./l / /

Tritium ' / /
Strontium • 9 0 I I
Iodine - 131 / /
Cesium -134 J (

This form must accompany the radionuclide cubitainer to the laboratory. The
water supply will be notified by the Water Supply fltld Office, U.S, EPA of
results of the radionuclide examinations.

(Y««r)

^:T/*^

/
7±~ZX>fc

public
the



i
i

\
\
1
1
1
1

Report of Radionuclide Analysis of
Water SampIp

Public Water Supply
U.S. Environmental Protection Agency

(To be filled out by public water lupply)
&£ £btt4t*r

PWC ID VQSl
PVS Name
Address
City TVPFe/c. Sa.

Datf <t#
> ~ -

fi /• V State.

.) (Day) (Y««)

Zip Code.

(To be filled out by Ufeorâ rŷ ^̂  ̂ ^ ^ ̂^ Care

Lab Running Sample Environ. Health Laboratories
Address and City
Lab ID No.

801 S. Brentwood Blvd.
Clayton. Mo. 63105 .Analyst,

Contaminant
Name

Analysis
Result

Analysis
Pate

Analysis
Itethod

Gross Alpha Particle

Radium - 226

/-*./ lifo
HP. Pay Yr

Radium - 228

Gross Beta Particle
Activity (50pc./l

Tritium
Strontium • 90
Iodine • 131
Cesium » 134

Tbia form oust accompany the radionuclidt cubitainer to the laboratory. The public
water supply will be notified by the Water Supply Field Office, V.8, £TA of the
results of the radionuclide examinationi ,
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1* " ** ̂ m̂rosjftlu DEPARTMENT OF NATURAL RESOURC. .
B̂W/ISION OF ENVIRONMENTAL QUALITY

JAM 0 > \/LABORATORY SERVICES
'•̂  J Igoj

^OLTn i"*-*£; V>l57»p

PROGRAM

ŜfiWfivr B REPORT OF SAMPLE ANALYSIS
PROGR41f LANDFILL MONITORING PROJECT

NAME OF FACILITY Vest Lakes Landfill

SAMPLES COLLECTED BY Randy Crawford
*•

NOTE:

SAMPLE DESCRIPTION

DATE COLLECTED
SAMPLE NUMBER

pH Units
Specific Cond. (unhos/cm

@ 25° C)

Milligrams per liter

BOD
COD
NH. as N
NO-j+N02 as N
•Total P
ABAS
Total Sulfide
TOC
Total Cyanide
Non-Filterable Residue (SS)
Filterable Residue (TDS)
Color
Alkalinity as CaCOj
Fluoride
Chloride
Sulfate
Hardness as CaC03 (Ca, Mg, Fe,

Zn, Mn)
Potassium
Sodium
Calcium
Magnesium
Temperature

Micrograros per liter
Barium, Dissolved ̂
Cadmium, Dissolved
Chromium, Dissolved
Copper, Dissolved
Iron, Dissolved
Lead, Dissolved
Seleniun:, Dissolved
Manganese, Dissolved
Mercury, Dissolved
Nickel
Zinc, Dissolved

-Arsenic, Dissolved
Silver, Dissolved

*No ur.filtered sample

Boring 91

10-29-80
80-7125

6.6
500

16
64.4
0.84
0.54
0.21
0.34

25.8

No Result*
No Result*

<2S

0.42
6.5
79
370

600
0.3
2
3

150
2
2

1000
£ 0.1

700
1

£ 0.2

LSF-69/S-5-SO

DATE(S) 10-29-80

Slough on B.W. edge (grab)

10-29-80
80-7126

7.5
745

4L 4
13.8
0.04
0.08
0.07

^ 0.04

Z.1

9
366
+ 25

0.36
57.8
56
244

9°C

?00 Total
.1 Total
^1 Total
^2 Total
240 Total
2 Total

* 5 Total
70 Total

40.1 Total

14 Total
^ 5 Total
0̂.1 Total
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| • MISSOURI DEPARTMENT OF NATURAL RESOURC__
DIVISION OF ENVIRONMENTAL QUALITY

_ • LABORATORY SERVICES PROGRAM

1
_ REPORT OF SAMPLE ANALYSIS
• LANDFILL MONITORING PROJECT

I NAME OF FACILITY West Lakes Landfill

SAMPLES COLLECTED BY Kandv Crawford DATE(S)

_ NOTE:I :
• SAMPLE DESCRIPTION

m DATE COLLECTED
• SAMPLE NUMBER

pH Units

•
Specific Cond. (urahos/cm

@ 25° C)

•

Milligrams per liter

BOD
COD

I NH. as N
N03+N02 as N
•Total P

_ MBAS
• Total Sulfide
| TOC

Total Cyanide

1 Non-Filterable Residue (SS)
Filterable Residue (TDS)

Alkalinity as CaC03

•

Fluoride
Chloride
Sulface

_ Hardness as CaC03 (Ca, Mg, Fe,
• Zn, Mn)
™ Potassium

Sodium

1 Calcium
Magnesium
Temperature

• Micrograms per liter
Barium
Cadniun

•

Chromium
Copper
Iron

m Lead
• Seleniun
| Manganese

Mercury

•

Nickel
Zinc

-"Arsenic
Silver

• LSP-SQ/S-S-SO

10-30-80

Boring 92 Black Diamond Lake (grab)

10-30-80
80-7127

7.2
1100

6
37.8
0.22
0.98
0.37
0.06

33.0
.

15452
684

4.25

0.25
42.1
159
465

12°C

700 Dissolved
1.0 Dissolved
2 Dissolved
21 Dissolved
400 Dissolved
3 Dissolved
5 Dissolved

600 Dissolved
4.0.1 Dissolved

1310 Dissolved
2 Dissolved

4.0.2 Dissolved

10-30-80
80-7128

7.5
4000

>444
845
108

4. 0.05
1.0
0.07

302

24
2064
1000

0.54
355
29
718

14°C

300 Total
0.2 Total
12 Total
1 Total

3200 Total
4.1 Total
*S Total
500 Total

4.0.1 Total

238 Total
5 Total

4.0.1 Total
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•
MISSOURI DEPARTMENT OF NATURAL RESOURC.

DIVISION OF ENVIRONMENTAL QUALITY
LABORATORY SERVICES PROGRAM

1
REPORT OF SAMPLE ANALYSIS

• LANDFILL MONITORING PROJECT

NAME OF FACILITY tfest Lake Landfill

1 SAMPLES COLLECTED BY Randu Crawford

NOTE:

•
SAMPLE DESCRIPTION

DATE COLLECTED

•

SAMPLE NUMBER

pH Units
_ Specific Cond. (utnhos/an
• <§ 25° C)

Milligrams per liter

1 BOD
• COD

NH. as N

|
N03+N02 as N
•Total P
ABAS
Total Sulfide

• TOC
• Total Cyanide

Non-Filterable Residue (SS)

•

Filterable Residue (TDS)
Color
Alkalinity as CaC03
Fluoride

•

Chloride
Sulfate
Hardness as CaC03 (Ca, Mg, Fe,

I Zn, Mn)
Potassium
Sodium
Calcium

•
Magnesium
ffeoperature

rcrograms per liter
Barium, Dissolved
Cadmium, Dissolved
Chromium, Dissolved

•
Copper, Dissolved
Iron, Dissolved
Lead, Dissolved

_ Seleniuc, Dissolved
• Manganese, Dissolved
• Mercury, Dissolved

Michel

I Zinc, 'Dissolved
'Arsenic, Dissolved
Silver, Dissolved

_ 'Instrument Failure

Boring ti3

10-30-80
80-7129

7.0
1100

7
35.1
0.11
0.22
0.16
0.07

No Result*

8496
392
£25

0.32
16.4
78
585

15°C

500
0.8
5.6
11

1200
4
3

1100
4.0.1

550
j

£0.2

• LSP-62/S-5-80

DATE(S)

Boring #4

10-30-80
80-7130

6.7

-

17
42.2
0.23
0.06
0.06
0.06

No Result*
'

7310
2040
4.25

0.20
10.2
37
747

15°C

400
1.3
6
7

1000 .
2

4400
£.0.1

198
2

£ 0.2

10-30-80

Boring 85 (Along St. Charles
Rock Road)

10-31-80
80-7131

6.7
1200

9
16.9
0.02
0.36
0.10
0.15

No Result*

896
120

JL 25

0.17
14.3
141
577

18°C

200
0.9
4
4

400
2

£.5
300

£0.1

132

*. 0.2



I LABOKATUKX StKVi'JLS fKUOKAA
Report of Sample Analysis Sample No.

•
Method 624

Volatile Organ! cs

™ . CAS No. COliPOUND NAME

•AMLE DESCRIPTION:

Westlake Landfill leachate discharge
•to Fish Pot Creek

late Collected: 12-14-83

Collected By: Virgil Wiesner

If filiation: SLRO
--

Method:

(PA Method No . 624

1
•e narks:

•taalyzed 1/5/84. Sample exceeded holding
time by 8 days .

1

•L - The recovery of a spike in the
sample was not vi'thin the control
limits.

JA - Not Analyzed

NR - No Result - see Remarks

f - A standard was not run and a
measurable (near KDL) peak was not
found at the expected retention time,

•l - Tentative Identification has been
nade thrpugh a library search. An
authenclc scpndnrd has ndT^been run.

I T h e esp. conic, is bafl£d/on jresponse
rel^j^e^7/an interval/ sj/andard.

f proved: \faf*jt# t(J. r— T7T> ^^\
Jaaes' H. Long, Director \

/Laboratory Services ProgramX

|
istributi««^ ^^^^ \
ave Sedan, Waste Management Program — /

Bill Price, Public Drinking Water Program

1

107-02-8
107-13-1
71-43-2
74-83-9
75-27-4

75-25-2
56-23-5
1C 8-90-7
75-00-3
110-75-8

67-66-3
74-87-3
124-48-1
75-34-3
107-06-02

75-35-4
540-59-9
78-87-5
10061-01-5
10061-02-6

100-41-4
75-09-2
79-34-5
127-18-4
71-55-6

79-00-5
79-01-6
75-69-4
108-88-3
75-01-4

Page

Acrolein
Acrylonitrile
Benzene
Bromone thane
Bromodichlorose thane

Bromoform
Carbon Tetrachloride
Chlorobenzene *
Chloroe thane
2-Chloroethylvinyl ether

Chloroform
Chloroce thane
Dibromochloroce thane
1, 1-Dichloroe thane
1 , 2-Di ch lo roe th ane

1, 1-Dichloroethene
trans- 1, 2-Di chloroethene
1, 2-Di chloroprop ane
cis- 1 , 3-Di ch lorop rop ene
trans- 1 , 3-Dichlorop ropene

Ethylbenzene
Hethylene chloride
1, 1,2, 2-Tetrachloroe thane
Tetrachloroethene
1, 1, 1-Trichloroe thane

1, 1,2-Trichloroe thane
Tri chloroethene
Trlchlorofluorome thane
Toluene
Vinyl chloride

83-9803

RESULTS
U5/1

NA
• NA

26
<27
<3.2

<2.8
<3.1
<2.4

•<27
<8.3

<2.9
<24
<2.8

11
< 2 . n

<2,P
5.3

< 1 r S
NA

<•) «;

<? fi
15

<2 1
<2 U
<LV?

<L^ -\

N A
130

<3L.

J-°f_L_
/



•
LABORATORY ShRVi'.ti) fKOCiuUl

Report of Sample Analysis Sample No.

I Method 624
Volatile Organ! cs

1
CAS NO. CO:TOUMD NAME

JAJTLE DESCRIPTION:

Fish Pot Creek below Sulphur Spring
• Road Bridge 1000 feet

"ate Collected: 12-14-83

(ollected By: Virgil Wiesner

f filiation: SLRO

Method:

EPA Method Mo. 624

•enarks:

Analyzed 1/5/84. No detectable
—contamination was found. Sample
•exceeded holding time by 8 days.

ML — The recovery of a spike in the
sample was not wi'thin the control

1 limits.

A - Not Analyzed

JiR - No Result - see Remarks

|D — A standard vas not run and a
measurable (near KDL) peak was not
found at the expected retention time

fgl - Tentative Identification has been
made thsaush a library search. An

I a u t h c n / i c standard has no tureen run.
The es . code. Is b&0$d oh response
relate to/an inte^tal standard.

1 . \T^l \\&l 'jTfv-i- 1_ a -^^pp roved: [y/Mi//w ^Sr •*zrvr9{
Blames H. Long, DirecttSr V

107-02-8
107-13-1
71-43-2
74-83-9
75-27-4

75-25-2
56-23-5
1C 8-90-7
75-00-3
110-75-8

67-66-3
74-87-3
124-48-1
75-34-3
107-06-02

75-35-4
540-59-9
78-87-5
10061-01-5
10061-02-6

100-41-4
75-09-2
79-34-5
127-18-4
71-55-6

79-00-5
79-01-6
75-69-4
108-88-3
75-01-4

Acrolein
Acrylonitrlle
Benzene
Brococe thane
Bromodi chlorous thane

Bromofora
Carbon Tetrachloride
Chlorobenzene *
Chloroethane
2-Chloroethylvinyl ether

Chloroform
Chlorone thane
Dib roco chloroce thane
1, 1-Dichloroe thane
1,2-Dichloroe thane

1, 1-Dichloroe thene
trans- 1,2-Dichloroe thene
1,2-Dichloropropane
cis- 1 , 3-Di chloropropene
trans- 1, 3-Dichloropr op ene

Ethylbenzene
Hethylene chloride
1, 1,2, 2-Tetrachloroe thane
Te trachloroe thene
1, 1, 1-Tri chloroethane

1, 1,2-Tri chloroethane
Trichloroe thene
Trichlorofluorome thane
Toluene
Vinyl chloride

83-9804

RESULT
U7/1

NA
- NA

<1 .8
<27
<3.2

<2 8
<3.1
<2 .4
<27
<8.3

<2.9
<24
<2 .8
<2.Q.
<2.0

<2 P
<^ 2
<1 . S

NA
<•> s

<2 fi
<S 4
<2.3
<2 4
<^ 2

<1 1
<"*, f)

MA

<f\ S

<2i

1
i

Laboratory Servic

;
istribSitiojDL>/
ave Bedan, Waste Management Program
ill Price, Public Drinking Water Program Page of
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W MISSOURI OEPAK2HENT OF NATURAL RESOURCES
S DIVISION OF ENVIRONMENTAL QUALITY

>^ LABORATORY SERVICES PROGRAM

S BEPORT OF SAMPLE ANALYSIS
S LANDFILL MONITORING PROJECT

HAKE OF FACILITY Westlakes Landfill

Page 1 of 1

Appendix A

SAMPLES COLLECTED BY Steve Berendzen DATE(S) 6-16-81

KOTE- ^
0&>1

SAMPLE DESCRIPTION

DATE COLLECTED
SAMPLE NUMBER

pH Units
Specific Cond. (umhos/cm

e 25° o
Milligrams per liter

CCD
NH3 as N
K03 + N02 as N
Total Phosphorus
Filterable Residue (TDS)

Fluoride
Chloride
Sulfate
Hardness as CaC03 (Ca,Mg)

Sodium
Calcium
Magnesium

Kicrograms per liter

Arsenic
Barium
Boron
Cadmium
Chromium

Cobalt
Copper
Iron
Lead
Manganese

Mercury
Selenium
Silver
2inc

Well #34

6-16-81
81-7835

7.1

600

56
0.12
0.05

• 0.24
613

0.1
44
90
430

16
99
44 -?

<5
100

<100
9

< 20

< 10
^ 5 '"~-

28,000

^ 5970

No result
<5
< 1

11,000

,̂ D̂ ~
Well #35

6-16-81
81-7836

7.2

730

95
1.42

<0.05
0.41
740

0.5
43

< 10
630

19
170
50

13
320

<100
8

<20

<10
<5
5,500

<5
2000

No result
C5
C 1
4,500

-x3̂ 5
Wen #38

6-16-81
81-7833

- 6.5

620

No result
0.90
0.09
0.42
602

0.2
7.9
86
480

12
120
44

<5
260
590

< 2
< 20

<10
<5
220

<5
430

No result
<5

<10

08/0
Wen #39

6-17-81
81-7834

6.9

660

45
0.28
0.05
0.27
782

0.2
44
210
530

20
130
50

<5
120

<100
6

<20

< 10
"8
v 16 ,000 ,
<5
670

Log Error
<5
< 1
1,500
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EXHIBIT 13-1 (Interim Report on the Proposed Ground Water Sampling
Program for the Primary Phase of the Hydrogeologic Investigation,
West Lake Landfill, St. Louis County, Missouri, October 1985
prepared by Burns and McDonnell, Kansas City, Missouri) will be
produced at such time as it is located by Respondent.
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EXHIBIT 13-J (Hydrogeologic Investigation - West Lake Landfill

•

Preliminary Phase Report, dated January 1985 prepared by Burns and
McDonnell, Kansas City, Missouri) will be produced at such time as
it is located by Respondent.

I

I

I

I

I

I

I

I

I

I

I

I

I
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DUPLICATE

ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL BRANCH

June 1, 1976
Date

O P E R A T I N G

Number

P E R M I T

This pemit to operate the equipment/process (es)
described below is granted to:

West Lake Quarry
Name

13570 St. Charles Rock Road
Location of Equipment

Such operation to be pursuant to the conditions set
out in Operating Pernit Application No. 3̂57

Equipment/?rocess( es)

#1 Asphalt Batching Plant

Cyclone Collector

Model: 270 & 370

99.8* Efficiency

Stack/Vent Identification

Director
Air FolluJ&Lon Control Branch

(This Pemit to be visibly affixed or placed in .
accordance with Section 612.120 St. Louis County Air
Pollution Control Code.) Ten Dollar ($10.00) fee paid.
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ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL BRANCH

August 7. 1979 04559
Date Number

O P E R A T I N G P E R M I T

This permit to operate the equipment/process(es)
described below is granted to:

Westlake Quarry & Matpr-tal
Name

St. Charles Rock Rnad f, TangtHg RnaH
Location of Equipment

Such operation to be pursuant to the conditions set
out in Operating Permit Application No. : 2691

Equipment/Process(es)

Dust Suppression System

Make; Johnson-March

600 tons/hour

Stack/Vent Identification

N/A

Director
Air Pol^u^ion Control Branch

(This Permit to be visibly affixed or placed in
accordance with Section 612.120 St. Louir, County A i r -
Pollution Control Code.) Ten Dollar ($10.00) fee paid,
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I This permit to operate the equipment/process(es) described

below is granted to:

I West Lake Quarry

I
Such operation to be pursuant to the conditions set out in

• Operating Permit Application No. 6887

Equipment/Process(es)

| Mineral Storage Silo

I

I

I

I

I

I

I

ST. LOUIS COUNTY
DEPARTMENT OF COMMUNITY HEALTH & MEDICAL CARE
DIVISION OF ENVIRONMENTAL HEALTH CARE SERVICES

AIR POLLUTION CONTROL SECTION

August 10. 1987 QG5563
Date Number

OPERATING PERMIT

Name

13500 St. CHarles Rock Rd.
Location of Equipment

Asphalt Plant

Baghouse-AOO SCFM

Enforceable Permit Conditions

Stack/Vent Identification

!̂ F£t̂
Elaine J.JZhoades, /'Program Manager
Air Polliftflon Control Section

(This permit to be visibly affixea or placed in accordance
with Section 612.120 St. Louis County Air Pollution Con-
trol Code.) Fee paid $

EVhibrf \\c-(L
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STATE OF MISSOURI

DEPARTMENT OF NATURAL RESOURCES

MISSOURI CLEAN WATER COMMISSION

AUTHORIZATION TO DISCHARGE
UNDER THE NATIONAL POLLUTANT DISCHARGE

ELIMINATION SYSTEM

In compliance with the Federal Water Pollution Control Act, Public Law 92-500, 92nd Congress, (hereinafter, the
Act) as amended, and the Missouri Clean Water Law, (Chapter 644 R.S. Mo. Cum. Supp. 19%, hereinafter, the Law').

Permit No. MO-CU08634 Applicant No. MO-0108634

Owner- West La^e Quarry and Material Company

Owner's Address: 12976 St. Charles Rock Road, Bridgeton, Missouri 63044

Facility Name- West Lake Quarry and Material Company

Facility Address: 13570 St. Charles Rock Road, Bridgeton, Missouri 63044

Legal Description: U ' S - SurveY 131, (NW 1/4, SW 1/4, SE 1/4, Sec. 31 projected), T46N,
R5E, St. Louis County

Receiving Stream & Basin: Unnamed tributary to Missouri River
(10300200-04-00) (Missouri River and Eastern Tributaries Basin)

is authorized to discharge from the facility described herein, in accordance with the effluent l i m i t a t i o n s and
monitoring requirements as set forth herein:

FACILITY DESCRIPTION
Outfall ttOOl - Limestone Quarry

Storm water runoff.
Design flow is 700 gallons per minute/occurrence.

This permit only authorizes wastewater discharges under the NatiorvdlPollul^nt Discharge E l imina t ion System: it
does not apply to other regulated areas. This permit may be appealed^ in accordance with Section 644.051.6 of the
Law.

December 30. 1988
Ffleetivc Date FrcxlMkSLJUertmner. Ph.D.

Di^torJDqiurtment n f N a i y d l Kesrfuavs

October 31,
F x n i r a i i m i I ):iic Permi t Adminis t ra tor t i i r Mi.vsm.in Clean Watei) Convv.i.vsioii

/-f Ib- O
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'A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS
r'AGE NUMBER 2 of 3

PERMIT NUMBER MO-0108634

The permittee is authorized to discharge from outfall(s) with serial number(s) as specified in the application for this permit. The final
effluent limitations shall become effective upon issuance and remain in
effect until expiration of the permit. Such discharges shall be controlled, limited, and monitored by the permittee as specified below:

OUTFALL NUMBER
AND EFFLUENT
PARAMETER(S)

Outfall #001

Flow-m3/Day

Settleable Solids

Non-Filterable Resii
(Total Suspended So

pH - Units

* Monitoring requi

** pH is measured i
of 6.0-9.0.

UNITS

MGD

ml/l/hr

lue mg/1
.ids)

SU

rement onl

i pH units

MONITORING REPORTS SHALL 3E SUBMIT
THERE SHALL BE NO DISCHARGE OF FLOA

FINAL EFFLUENT LIMITATIONS

DAILY
MAXIMUM

*

1.0

45

**

y.

and is not

WEEKLY
AVERAGE

to be averac

rpn quarterly

MONTHLY
AVERAGE

*

30

**

ed. The pH

MONITORING REQUIREMENTS

MEASUREMENT SAMPLE
FREQUENCY TYPE

each occurrence estimate
of total

once/each grab
occurrence

once/each grab
occurrence

once/each grab
occurrence

is limited to the range

. THF FIRST nppnnr is mm 4-28-89

TING SOLIDS OR VISIBLE FOAM IN OTHER THAN TRACE AMOUNTS.

B. STANDARD CONDITIONS
IN ADDITION TO SPECIFIED

STANDARD CONDITIONS DA
FULLY SET FORTH HEREIN

CONDITIONS STATED HEREIN, THIS PERMIT IS SUBJECT TO THE AT

TEp October 1 IQ 80 . A^

TAr.HPn Part I
40 HEREBY INCORPORATED AS THOUGH

MO 780-0010 |*-87)
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Page 3 of 3
Permit No. MO-0108634

SPECIAL CONDITIONS

Within one year of the issuance date of this permit, the permittee shall submit a
completed CMC 105 Form C. All required analytical results shall be submitted.

This permit may be modified, or alternatively, revoked and reissued, to comply with
any applicable effluent standard or limitation issued or approved under Sections
301(b)(2) (C), and (D), 304(b)(2) and 307(a)(2) of the Clean Water Act, if the
effluent standard or limitation so issued or approved:

(a) Contains different conditions or is otherwise more stringent than any effluent
limitation in the permit; or

(b) Controls any pollutant not limited in the permit.

The permit as modified or reissued under this paragraph shall also contain any other
requirements of the Act then applicable.

Permittee shall insure that leachate and storm water runoff from the adjacent
Laidlaw, Inc. Landfill shall not be discharged through Outfall ttOOl.
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PHASE H INVESTIGAITON FINAL REPORT

U.S. REAL ESTATE DIVISION
FORD FINANCIAL SERVICES

EARTH CITY, MISSOURI

DAMES & MOORE
D&M Job No. 19943-002-045

June 26, 1990



A PROFESSIONAL LIMITED PARTNERSHIP

11701 BORMAN DRIVE. SUITE 340. ST. LOUIS. MISSOURI 63146
(314) 993-4599 FAX NO. (314) 993-4895

I
DAMES & MOORE

June 14, 1990

I

I Mr. John Basilico
United States Real Estate
Ford Financial Group

1 13517 Lake Front Drive
Earth City, MO 63045-1414

I RE: Phase H Site Investigation
Earth City Property Adjacent to West Lake Landfill

oore Job No.i 19943-002-045

I Dear Mr. Basilico:

•
Enclosed for your information are two (2) copies of the Phase n Site Investigation final

report for the above referenced property.

I Should you have any questions or wish to discuss this report in any way, please do not
hesitate to contact Ms. Linda Black or myself.

• Very truly yours,

DAMES & MOORE
I A Professional Limited Partnership

F. Vada, P.E.
ier (Ltd.)

Managing Principal

_ gfv/ken
I Enclosure
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1.0 INTRODUCTION

In April, 1990, Ford Financial Services Group, U.S. Real Estate authorized Dames &
Moore to proceed with a Phase n Site Investigation to further document pre-transaction
conditions at property adjacent to a proposed National Priorities List (NPL) site. This report
presents a summary of the field techniques employed during this investigation and conclusions
based upon analytical results from collected samples.

1.1 Executive Summary

The Phase n Site Investigation involved a more in-depth investigation of organic,
inorganic, and radiological contamination of the Ford Property that is believed to be related to
the adjacent West Lake Landfill. Upon review and evaluation of all information obtained from
this investigation, several concluding remarks can be made which best summarize this effort.

First, the gamma radiation survey conducted on surface soils in areas north and west cf
the West Lake Landfill (i.e., areas which receive a large amount of surface runoff from the
landfill) indicated that there is no significant surface radiological contamination present.
Radiological contamination present within the landfill, therefore, does not appear to have
contributed any significant contamination due to surface runoff to the 23 acres surveyed.

Second, in addition to the surface soil survey just described which required the use of
a direct-reading meter, surface soil samples where also collected from 0-12 inches in depth from
property locations adjacent to the landfill and submitted for more in depth chemical and
radiological analysis. Soil samples were collected in locations where contamination was
suspected from the Phase I effort and in locations where contamination might reasonably be
expected. Although very low levels (parts per billion) of organic contamination were provided
in the analytical report for the two soil sample composites, these values were actually below the
analytical limit of detection and are, consequently, not significant. Of all the soil samples
collected (a total of 20), only the samples collected from the two (2) locations where radiological
contamination had been indicated from the Phase I investigation had radiological contamination
(i.e., the biased samples). No further surface radiological contamination beyond these biased
locations is evident based upon this information and the gamma radiation survey.

Third, sediment/soil samples were collected and analyzed from four (4) locations where
chemical or radiological contamination might reasonably be expected to have migrated from the
landfill via surface water. As with the soil samples, only low level organic chemical
contamination was indicated which is likewise believed to be attributed to the sampling technique
and not to actual soil contamination. Radiological contamination is also not evident in these
samples.

D&M Job No. 19943-002-045
June 26, 1990



Fourth, subsurface soil conditions were also surveyed radiologically down to groundwater
in several locations to the north and west of the landfill. Gamma radiation and volatile organics
were measured in soil borings down to groundwater using a GM-type survey meter and a
photoionization detector, respectively. Neither radiological contamination nor chemical
contamination of any type was evident.

Fifth, groundwater was sampled and analyzed chemically and radiologically by installing
monitoring wells in the same soil borings that were mentioned previously. Low level (part per
billion) concentrations of some organic chemicals were detected in several of the groundwater
samples. Several of these, however, are believed to be attributable to background contamination
from the laboratory, and as such, do not represent a significant environmental concern. Two
semi-volatile BNAs (chrysene and Bis (2-ethylhexyl)phthalate) were, however, also detected in
very low levels (1-27 ppb) in four (4) of the well samples. Other chemical contaminants tested
for in the groundwater (i.e., metals, cyanide) were not present in sufficient concentration to
represent a significant environmental concern. Although radiologically speaking there were
conflicting results from the two laboratories used, there does not in any case appear to be
significant groundwater contamination. The one parameter that was tested and found to be
somewhat elevated in some of the water samples (gross alpha) is of secondary importance since
the sum of the individual components that typically comprise this parameter failed to confirm
the gross alpha totals.

With the exception of two (2) biased locations adjacent to the West Lake Landfill where
radiological contamination is evident (Bl and B2), it is unlikely that the results provided from
this investigation can be interpreted as evidence that the radioactive material resident in the West
Lake Landfill has migrated to Earth City property.

1.2 Project History Summary

In December, 1989, Ford retained Dames & Moore to prepare an assessment of the
radiologic conditions at their properties in Earth City, Missouri, as part of a pre-divestiture due
diligence effort. The scope of the Phase I effort was primarily to respond to concerns raised by
the proximity of the West Lake Landfill, located immediately to the east of the property under
review (Figure 1). On October 23, 1989, the landfill was proposed for addition to the National
Priorities List under CERCLA, due to improper acceptance during the early 1970's of radiologic
materials primarily from the Department of Energy's Latty Avenue operations.

Upon completion of a review of available information, and a limited sampling effort,
Dames & Moore concluded that the data suggests that significant off-site migration of radioactive
contaminants from the landfill via groundwater has not occurred. However, it was
recommended that surface contamination attributable to landfill runoff be further characterized.

D&M Job No. 19943-002-045
June 26, 1990



This Phase n Investigation has been developed to document more extensively field
conditions by means of additional soil and water sampling for an expanded set of parameters,
believed to be more representative of potential landfill contents.

It3 Sfppe of Work Summary

The services performed during this Phase II investigation included the following five
elements:

o Overland Gamma Survey - Gamma radiation levels were measured at one
centimeter and one (1) meter above the ground surface to ascertain whether
additional areas of surface radioactive contamination exist;

o Surface Soil Sampling - Discrete and composite soil samples were collected in
the two known "hot spots", in random areas, and in one background location;

o Sediment Sampling - Discrete sediment samples were collected from drainage
areas likely to be influenced by runoff from the landfill;

o Soil Borings/Downhole Gamma Logging - Seven soil borings were advanced to
15-25 feet depths. Cuttings were screened for organic vapors and for radiation
levels. Gamma radiation levels were also measured and recorded inside the
borehole, advancing in six-inch increments to the water table; and

o Groundwater Sampling - Monitoring wells were installed at each of the borings.
Samples were collected for laboratory analysis for organic, inorganic, and
radiologic parameters.

2.0 OVERLAND GAMMA SURVEY

Between April 9 and 13,1990, Dames & Moore personnel conducted an overland gamma
radiation survey of 23 acres adjacent to the landfill which had not previously been surveyed.
These measurements would indicate areas, if any, where radiation levels were elevated above
ambient background.
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2.1 Fjjeld Investigation

The overland gamma survey covered the areas shown on Figure 2. The area to the north
of the landfill, and to a lesser extent, along Old St. Charles Rock Road were surveyed to assess
potential migration of radiologic materials via surface routes. Areas adjacent to the recently
excavated drainage ditch/lake were surveyed to assess the levels of radiation in the material
dredged from the ditch, which may have intercepted potentially contaminated groundwater.

The gamma radiation survey was set up using a 10 x 10 meter survey grid to maintain
reproducibility and accuracy. Each section was first marked with stakes, using the S66 48'41"
E line, road coordinates, and chain-link fence which delineates the landfill, as the three primary
reference lines. Section grid lines were established 90 degrees from the reference lines at 10
meter intervals. Three grids were established - the largest encompassed the area north of the
landfill and covered approximately eight (8) acres. The second was established to the west of
Old St. Charles Rock Road in an area of disturbed soils recently excavated from a nearby
drainage ditch/lake. The third was also established west of Old St. Charles Rock Road and
paralleled nearly the entire Ford/West Lake common boundary over an area of soils excavated
from the nearby drainage ditch/lake.

Two calibrated Bicron microrem radiation survey meters were used for radiation level
measurements at each intersection of the grid at one centimeter and one meter above the ground
surface. These instruments use a tissue-equivalent plastic scintillator as the detection medium
to provide accurate dose rate information relative to biologic tissue. An instrument operability
check, which included a battery, background and source check was performed daily prior to use
and several times during use, to assure property instrument operation while performing the
survey. Both survey instruments were calibrated by the manufacturer and certificates of
calibration are attached as Appendix A.

2.2 Investigation Results

Gamma radiation levels measured during the survey of the property are tabulated in Table
1. A map of the grid points is attached as Figure 3. Background radiation measurements were
recorded from several areas off-site and in ambient areas located on-site. The average
background dose rate for the two instruments in these areas ranged from three (3) to six (6)
microrem per hour which corresponds with levels identified by ORNL in a study titled "State
Background Radiation Levels 1975-1979" (report dTM-7343) which gives levels for the East St.
Louis area of between four (4) and eight(8) microrem per hour. All measurements made on the
property represented actual instrument readings without background data subtraction. Raw data
tabulated in Table 1, represent readings obtained at each survey point one meter and one
centimeter above ground surface. The primary reference point for each grid is indicated on
Table 1 and the site map (Figure 3) as point 0,0. All tables give the survey point locations
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based on their position relative to the reference point within the data matrix.

The U.S. Environmental Protection Agency guidelines for site cleanup and management
of residual uranium and thorium (40 CFR 192, Subparts B & E) require that the exposure rate
measured at a distance of one meter above the ground surface be less than 20 microrems per
hour above background. In the case of the present survey, results did not exceed twice the
measured background rate in any of the areas surveyed.

' Contaminants located within the West Lake Landfill did not appear to influence the
surface gamma radiation readings over the 23 acres surveyed. Although some fluctuations were
present in the data, elevated gamma radiation readings within three times the average
background measurement are not considered to be of consequence unless a systematic increase
is noted. Site-wide trends were not readily apparent from the collected data.

3.0 SOIL SAMPLING

Surface soil samples were collected at several locations to characterize existing soil
conditions in areas of the site adjacent to the landfill where contamination is suspected, and
where contamination might reasonably be expected.

i

3.1 Field Investigation

Two composite soil samples (COMP-1 and COMP-2) were collected from the areas
indicated on Figure 4 (shown as Cl and C2). It is believed that the soils dredged from the ditch
along Old St. Charles Rock Road has been spread over these areas. These soils were therefore
sampled to indicate whether any contaminants may have settled out from surface waters carried
in the ditch. Each samples was collected from six points in the area shown, and submitted for
analysis for total petroleum hydrocarbons (TPH), semi-volatiles, pesticides, PCBs, herbicides,
metals, and cyanide, as well as radiological parameters.

Six unbiased soil samples (UB1-UB6) were collected at the locations shown on Figure
4. These areas were distributed along the general perimeter of the landfill to provide
information regarding existing soil conditions. Each sample was collected at 0-6 inch depths and
submitted for radiological analysis.

Biased soil samples were collected at two locations (Bl and B2) as shown on figure 4,
which were identified during Phase I as having elevated gamma radiation levels. Samples Bl A,
BIB, B2A, and B2B were collected at 0-6 inch depths. Samples B1C and B2C were collected
*t 6-12 inch depths. All six samples were analyzed for several radiological parameters.
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Samples were collected manually using either a stainless steel trowel or a stainless steel
hand auger. Sampling equipment was decontaminated with Alconox detergent wash and a
distilled water rinse between each sample.

Samples requiring radiological analysis were placed in plastic bags provided by the
laboratory. Organic and inorganic samples were placed in jars provided by the laboratory (Table
2) Organic and inorganic samples were placed in an iced cooler. All samples were shipped
to the respective laboratories via overnight delivery accompanied by Dames & Moore chain-of-
custody records (Appendix B).

3.2 Investigation Results

A summary of organic and inorganic data is presented in Table 3. For nearly all
parameters, there are no indications that samples COMF1 and COMP2 vary significantly from
the background sample BKG.

Exceptions of note are the results of analyses for semi-volatile compounds. No semi-
volatiles are indicated in the background sample, however, two compounds were detected in
COMP1 and six compounds were detected in COMP 2. The semi-volatile compounds detected
in the composite samples have been attributed to the sampling technique, which involved mixing
the composite inside a plastic zip-lock bag. The background sample was collected directly into
sample jars without contact with a bag.

A summary of the radiological data for soil samples is presented in Tables 4A, 4B, 4C,
and 4D. All values are reported in units of picocuries per gram of sample plus or minus the
error associated with the analysis at a 95 percent confidence level (+ 2 sigma). All soil samples
were analyzed for gross alpha and gross beta content and the specific nuclides uranium-234,
235/236, 238; thorium-230,232; potassrum-40; cesium-137 and radium-226, 228. Values
reported as less than (<) a specific value, are considered below the analytical instrument's lower
limit of detection. Table 4A shows that the analytical results reported for unbiased samples UB1
through UB6 are indistinguishable from the background sample collected at the same depth as
well as background samples analyzed for the Phase I investigation. Biased samples collected in
the two areas identified as above background in the Phase I investigation, show, as expected,
elevated gross alpha and gross beta.

For area 1 (Table 4B) gross alpha and gross beta for biased samples are elevated by
factors of 55 and 10.6 respectively, while for Area 2 (Table 4C) levels are elevated by factors
of 200 and 31, respectively. Similarly, elevated levels of uranium-234 and 238 are reported at
6.5 and 6 times background (Table 4B) and factors of 13.3 and 8.1, respectively (Table 4C).
Thorium-230 values in sample B1A and BIB average over 400 times background, while B2A
and B2B average over 900 times background. Thorium-232 however averaged only 3 times and
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6 times background for areas 1 and 2, respectively. Ra-226 concentrations in the biased soil
samples analyzed from areas 1 and 2 averaged 31 and 34 times background respectively. The
above results refer only to the data reported for the 0-6" sample depth. The reported
concentrations for the above mentioned nuclides in the 6-12" depth are equally elevated for the
area 1 sample but are somewhat lower for the area 2 sample.

Composite soil sample results reported in Table 4D are indistinguishable from
background.

4.0 SEDIMENT SAMPLING

Sediment samples were collected at four locations at the site to characterize existing
conditions in areas where contamination might reasonably be expected to have migrated via
surface water.

4.1 Field Investigation

Four sediment samples (S1-S4) were collected at the locations shown on Figure 5.
Samples SI and S2 were collected from the bottom of the drainage ditch which runs along Old
St. Charles Rock Road. These samples were analyzed for several radiological parameters.

Sample S3 was collected from the bottom of a ponded area near St. Charles Rock Road.
Sample S4 was collected from beneath the outlet of a surface water drain which originates at the
base of the landfiU berm, and emerges from the embankment of Old St. Charles Rock Road.
Both samples were analyzed for organic and inorganic as well as radiological parameters.

Samples were collected using either a stainless steel trowel or a stainless steel hand
auger. Sampling equipment was decontaminated with Alconox detergent wash and a distilled
water rinse between each sample.

Radiological samples were placed in plastic bags provided by the laboratory. Organic
and inorganic samples were placed in jars provided by the laboratory (Table 2). Organic and
inorganic samples were placed in an iced cooler. All samples were shipped to the respective
laboratories via overnight delivery accompanied by Dames & Moore chain-of-custody records
(Appendix B).
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4.2 Investigation Results

A summary of organic and inorganic data is presented in Table 5, as a comparison with
background soil sample BKG. For nearly all parameters, there are no indications that samples
S3 and S4 vary significantly from the background sample. Mercury was detected only in sample
S4, at 0.18 ppm only slightly above the reported detection limits.

Semi-volatile analytical results are similar to the soil samples, where several compounds
were detected. Again, this is attributed to the sampling technique which involved mixing of the
composite sample inside of a plastic zip-lock bag. The background sample was collected directly
into sample jars without contact with a bag.

A summary of the radiological data is presented in Table 6. Review of this table shows
that, for the radiological parameters specified, all data is indistinguishable from background
except for the gross alpha value of sample S4 which is reported as 6.6 times background. Upon
reanalysis of this sample by ITC, however, a much lower gross alpha value was obtained. For
reasons explained in Section 7.1.3 of this report, the second analysis, which indicated a gross
alpha level of 19.3 +. 8.6, is considered to be more valid.

5.0 SOIL BORINGS/DOWNHOLE GAMMA LOGGING

Soil borings were advanced at seven (7) locations at the site to observe and assess
subsurface soil conditions to the depth of the groundwater table. Additionally, gamma radiation
was measured inside each borehole to provide vertical profiles of radiation levels.

5.1 Field Investigation

Soil borings were advanced to the groundwater table at seven locations shown on Figure
6, using an ATV-mounted hollow-stem auger drill rig. Samples were retrieved using a 3-inch
diameter continuous sampler. Downhole drilling equipment was decontaminated between borings
by pressure washing with water.

Geological observations made of the retrieved soils were maintained on Soil Boring Logs
presented in Appendix D. Retrieved soils were field screened for VOCs with a photo-ionization
detector, and for radiation levels with a G-M type survey meter.

Gamma radiation levels were measured inside the auger stem using an Eberline ESP-2
ratemeter and shielded SPA-3 scintillation detector. The detector was advanced in six-inch
increments to depths approaching groundwater. Gamma logging measurements are shown in
Tables 7-101 through 7-107, with graphical presentations in Figures 7-101 through 7-107.
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5.2 InvfSHgatiQn Results

Borings depths ranged from 15 to 25 feet depending on the depth to groundwater. Soil
types varied from silty to sandy silt, typically becoming coarser with depth. Some stiff silt or
clay was noted. No volatile compounds were detected at any depth in any boring. Radiation
levels were consistent with background levels.

All gamma logging data was consistent with background levels.

6.0 GROUNDWATER MONITORING

Groundwater monitoring wells were installed in each of the seven (7) soil borings at the
locations shown on Figure 6. Well construction details are described in Section 6.1 and
diagramed in Appendix E. Ten samples were collected for laboratory analysis according to the
techniques discussed in Section 6.2. Analytical results are discussed in Section 6.3.

6.1 Monitoring Well Installation

As described in Section 5.0, soil borings were advanced by hollow stem auger. Upon
completion of each boring, a 10-foot length of 2-inch diameter 0.010 slotted PVC well screen
was placed to the bottom of the boring. PVC riser pipe was extended above the ground surface.
A sand filter-pack was placed about the well screen as the auger flights were gradually removed
from the borehole, typically to 2-feet above the top of the screened interval. A 1.5 - 2 feet thick
bentonite pellet seal was placed above the sand pack. In wells MW101 and MW102, a cement
slurry with a bentonite additive was placed from the top of the seal to a few feet below ground
surface. At all wells, a cement-aggregate mixture was placed to the ground surface to secure
the steel well protector, and to form a small concrete pad to deflect surface water away from
the well. The PVC riser was fitted with a PVC screw cap and a padlock was placed on the steel
protector. Well construction diagrams are shown in Appendix E.

Efforts by drilling contractor Brotcke to develop MW104 on April 12 using a tank of
compressed nitrogen to drive an air-lift system were not successful. On Friday, April 13, 1990,
personnel returned to develop the wells using an air compressor to drive water from the well.
Purging efforts were continued for 30 minutes at each of the four wells (MW101, MW102,
MW103, and MW104). The three remaining wells were not accessible due to wet ground
conditions, and were developed by bailing.

D&M Job No. 19943-002-045
June 14, 1990



I
•-I

I

I
n
t
t

6>2 gample Collection

Groundwater sampling was conducted by Dames & Moore personnel on April 17 and 18,
1990. The following procedure was used at each well.

The depth to water from the top of the PVC casing was recorded to the nearest 1/16"
using a chalked steel-tape. Standing water was purged from the well using a disposable
polyethylene bailer (Voss Technologies). After removing one well volume, field measurements
of temperature, pH and specific conductivity were made using a calibrated Hydac meter
(Cambridge Scientific Industries) outfitted with an Orion pH probe. Field measurements were
taken following each subsequent well-volume purged until three successive sets of measurements
fell within the following ranges:

Temperature: +/- 0.5° C
pH: +/-0.1 pH unit
Conductivity: +/- micromhos

Typically, four (4) or five (5) well volumes were sufficient to accomplish stabilization.
Field measurements are summarized in Appendix F. Based on contaminant levels during soil
boring activities, purged water was discharged to the ground surface.

Upon stabilization, water samples were collected for laboratory analysis. Table 8 shows
the volumes collected and preservations used to constitute one sample.

Samples were shipped via Federal Express to the appropriate laboratories for analysis
(MW109 was hand delivered to Envirodyne), under Dames & Moore chain-of-custody
procedures (Appendix B). Organic and inorganic samples were shipped in iced coolers. Each
day, all VOA sample vials were placed in the same cooler, and were accompanied during
shipment by trip blanks (TR-1 and TR-2).

6.3 Investigative Results

Data from organic and inorganic analyses are summarized in Table 9. Data packages
from Southwest Laboratories and Envirodyne Engineers are provided in Appendix C. Data from
the radiological analyses are summarized in Table 10. Data packages from ITC and CEP are
provided in Appendix B.

A review of the organic and inorganic data indicated that pesticides, PCBs, herbicides,
and cyanide were not detected. Several VOCs were identified near or below detection levels.
Methylene chloride was detected at low levels (1-26 ppb) in all samples analyzed by Southwest.
Similarly, acetone was detected (3-17 ppb) in most samples. Both compounds were detected in
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the Southwest QA/QC method blank, and are frequent laboratory contaminants. The absence
of these compounds in the Envirodyne analysis of MW109 (duplicate of both MW102 and
MW108), reinforces the interpretation that the methylene chloride and acetone results are not
accurate. Low levels of 1-1 dichloroethane are indicated in well MW102 and MW109 (3 ppb
and 6 ppb, respectively). Toluene, ethyl benzene, and xylene were indicated in well MW103
in low levels also.

Two BNA (binuclear aromatic) compounds, chrysene and bis (2-ethylhexyl) phthalate,
were also indicated in low levels in four (4) of the monitoring wells. Bis (2-ethylhexyl)
phthalate was present in MW102, MW105, MW106, and MW109D while chrysene was present
only in MW102.

Several metals were detected at low levels as well. Copper and zinc were consistently
indicated in samples analyzed by Southwest. Antimony and nickel were also indicated in
approximately half of the samples by Southwest. EEI/TCT reported the presence of arsenic,
mercury, selenium, and silver in the two samples which they had analyzed (MW109 and
MW109D). While there is a wide disparity in the metals results presented by the two
laboratories, none of the actual reported quantities are at significant levels to be of concern.

Results of radiological analyses for groundwater samples collected during the Phase II
investigation are reported in Tables 10A through 10D. Due to the propensity of groundwater
samples collected from wells to contain filterable soil particulates which can skew results, all
samples were analyzed as raw unfiltered water and as filtered water using a 0.45 micron filter
medium. All results are reported as picocuries per liter of sample plus or minus the 2 sigma
associated error. Numbers reported as less than (<) the reported value are below the limit of
detectability for the given nuclide and analytical method. All results reported for filtered
samples are indistinguishable from background data as represented by the off-site well water
results of Table 2 in the Phase I report. Further, the filtered data would easily meet all existing
radiological limits established for drinking water by the EPA (40 CFR 141). Of the unfiltered
results four samples (MW-103U, MW-105U, MW-106U, and MW-107U) would not meet the
EPA gross alpha criteria of 15 pCi/1 for drinking water, but would meet all other established
limits. However, since raw unfiltered groundwater would not be acceptable as drinking water,
this comparison serves no purpose.

7.0 CONCLUSIONS

7.1 Radiological Investigations

7.1.1 Overland Gamma Survey

The results of the overland gamma survey discussed in Section 2 of this report clearly
show that all areas surveyed were indistinguishable from ambient radiation levels associated with
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earbv off-site locations. This conclusion is further supported by the results of the unbiased and
11 moosite soil sample analyses which were also indistinguishable from background radionuclide
concentrations for the Phase H investigation area.

7.1.2 Soil

As discussed above, all unbiased and composite soil samples collected randomly within
the 23 acres area of investigation, were found to have radionuclide concentrations similar to
those measured for samples representing ambient (background) conditions collected for the
present study, and those collected as background samples for the Phase I investigation. With
regard to the two biased samples (Bl and B2) where contamination is evident, refer to Section
7.1.5 for details.

7.1.3 Sediment

Comparison of sediment samples to background soil samples collected for Phase I and
n shows that all sediment results reported are less than or equal to the corresponding background
concentration with the exception of the gross alpha result reported for sample S4. This sample
was subjected to reanalysis of only the gross alpha parameter by ITC and the result reported to
Dames & Moore, shown in Table 11, was 19.3 ± 8.6. The original S4 gross alpha value was
not confirmed by the reanalysis. This makes the initial analytical result a highly suspect data
point, in that, several of the individual nuclides analyzed are alpha emitters, namely U-234,
235/236, 238, thorium-230 and 232 and radium-226. These nuclides are by far the most
abundant alpha emitters in nature and therefore their sum should represent the majority of the
gross alpha activity present. Because the sum of the individual nuclides is only 7.2 pCi/g, and
the analytical techniques used to measure the individual nuclides is more precise than the gross
alpha measurement, especially for a medium such as soil, the gross alpha measurement must be
considered of secondary importance. Further, naturally occurring nuclides which are decay
products of the marker nuclides may add to the gross alpha concentration, but are considered
to be in equilibrium with their parent nuclide and therefore would not add significantly to the
above calculated alpha contributions of the individual nuclides.

7.1.4 Groundwater

As discussed in Section 6.3, groundwater samples were analyzed as unfiltered and filtered
to provide information on the quantity of filterable, and therefore undissolved particulates,
resident in the samples. All results reported in Tables 10A through 10D for filtered samples
easily meet EPA drinking water standards for gross alpha (15 pCi/1), gross beta (50 pCi/1) and
radium-226 + 228 of 5 pCi/1. Further, all unfiltered samples meet these criteria except for the
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gross alpha values reported for sample MW103-U, 17.2; MW105-U, 16.9; MW106-U, 101; and
MW107-U, 202 pCi/1. The gross alpha values reported for these unfiltered samples are also of
secondary importance since the sum of the individual nuclide concentrations fail to confirm the
gross alpha values (see Section 7.1.3).

Groundwater sample MW102 was also subjected to quality assurance checks having a
sample duplicate analyzed and a sample split analyzed by an independent laboratory. The results
of both tests confirm the results of the original analysis as reported by IT Corporation. Most
values for all tests were reported as below the limit of detection.

7.1.5 Biased Soil Samples

To provide additional characterization of the two limited hot spot areas identified during
the Phase I study, the survey team was directed to resurvey the original areas, reidentify the
location providing the highest gamma radiation level and remove 2-6" soil samples to a total
depth of 12" to provide preliminary characterization of the nuclides present. These data are
reported in Tables 4B and 4C.

For Area 1 (Tables 4B) the major nuclides identified as significantly above background
are Th-230, Ra-226, U-234, and U-238. These results are confirmed in the sample duplicate
analyzed by ITC and in the sample split analyzed by CEP except for Th-230. The discrepancy
in the results is due to the differences in analytical techniques used by the two laboratories.
Selected analytical results reported for original samples in Table 4B were reanalyzed with results
shown in Table n. The reanalysis confirmed the original test results.

For Area 2 (Table 4C), the analytical parameters and major nuclides identified as present
in concentrations more than 3 times background were gross alpha, gross beta, Th-230, U-234,
U-238, and Ra-226.

Again for sample B2A, as for B1A, the duplicate of the original sample analyzed by ITC
confirmed the initial results. The split sample with CEP again did not identify Th-230 in similar
quantities, nor were gross alpha and gross beta results reported by CEP similar to the ITC data.
Both laboratory technique and measurement capability differences are responsible for these
discrepancies. Regardless of the CEP results, any regulatory bodies which would govern clean-
up of the area would consider the highest reported results for regulatory purposes and therefore
the CEP data splits would become meaningless. Further, this round of soil sampling would only
serve to establish the highest potential concentration of nuclides in the area based on surface
gamma radiation results. Further area characterization would be required to determine the
vertical and horizontal extent of the contamination before clean-up activities could proceed. Due
to the elevated levels of uranium-234 and 238 as well as radius-226 in these biased samples it
is likely that this material originated from the West Lake Landfill property and found its way
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to the present location via surface water erosion.

#
7.2 Inorganic and Organic Chemical Investigation

During the course of the Phase n investigation of the Earth City property, several
different classes of both organic and inorganic contaminants were tested for in adjacent surface
soils, groundwater, and drainage ditch bottom sediment. Organic contaminants tested for
included total petroleum hydrocarbons (TPH), semi-volatile organics, pesticides, PCBs,
herbicides, and volatile organics (VOCs). Inorganic contaminants tested for included metals and
cyanide.
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7.2.1 TPH

Surface soil composite samples (2) collected from areas adjacent to the West lake
Landfill had TPH levels below background. Sediment samples (2) collected from the bottom
of a ponded area near the St. Charles Rock Road and from beneath the outlet of a landfill
surface water drain, likewise had TPH levels below background.

7.2.2 Semi-volatiles

Low level concentrations (10-50 ppb) of several semi-volatile organic compounds were
detected in both surface composite soil samples. Their presence is attributed to the sampling
technique, which involved mixing the composite inside a plastic zip-lock bag. Plastic bags of
this type often contain residual low level semi-volatiles. The sediment samples likewise
contained low level semi-volatiles (10-19 ppb) which can be attributed to sampling technique.

Two semi-volatile BNAs, chrysene and bis (2-ethylhexyl)phthalatewere detected in levels
near or below detection limits in one and three monitoring wells, respectively, and do not
represent a significant environmental concern..

7.2.3 Pesticides, PCBs, Herbicides, Cyanide

There were no detectable levels of any of these contaminants in any of the three sampling
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7.2.4 VOCs

Volatile organics were tested for only in the eleven (11) groundwater samples. Two (2)
VOCs, methylene chloride and acetone, were present in low concentrations in virtually all
groundwater samples tested. These samples were analyzed by Southwest Laboratory and both
of these VOC components, which are frequent laboratory contaminants, were detected in
Southwest's QA/QC method blank. Consequently, this provides further evidence that the results
for these contaminants are due to background contamination from the laboratory environment
and as such, are not valid.

7.2.5 Metals

For both the soil sample composites (2) and the sediment samples (2), all metals detected
do not vary significantly from background levels. Groundwater samples were analyzed by two
separate laboratories: Southwest Laboratory and EEI/TCT. Low concentrations of copper, zinc,
antimony, and nickel were detected by Southwest while EEI/TCT detected very low levels of
arsenic, mercury, selenium, and silver. None of the levels detected represent a significant
environmental concern.
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SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS

FOR FORD,EARTH CITY RADIOLOGICAL SURVEY

EARTH CITY, MISSOURI

Table 1A

NORTHERN GRID j

SURVEY
LOCATIONS

(E&W) WO U1 U2

(N&S)
NO 5,6
N1 5,5
N2 7,7
N3 5,6
N4 S/B
N5
N6
N7
N8
N9
N10
N11

6,6
7,6
5,5
5,6
5,5
S/B

7,7
7.7
6,7
7,6
6,6
5,6
A A

S/B

W3
*****

5,5
5,6
6,7
5,5
5,5
6,5
5 5
5,5
5,5
5,5
5,5
S/B

W4
*****

5,6
6,6
7,7
6,6
7,7
5,6
5 5

5,5
6,5
6,6
6,5
S/B

W5
*****

6,6
7,6
6,6
5,6
6,7
5,5
s s
5,5
5,5
5,5
5,5
S/B

W6
****•<

7,7
6,6
7.7
6,7
7,6
7,6
A A
5,5
5,6
5,5
4,5
S/B

W7
*****

7 7
7,7
8,8
7,7
A 7
6,7
5,8
5,5
6,7
5,5
S 5
S/B

U8
*****

(S ft
8,7
8,8
7,7
7 (S
5,4
6,6
6,7
5,5
5,6
S S
S/B

W9 W10 W11
***************

I I
6,7 5.5 5.6
7,6
8,8
7,7
5 7
6,5
6,5
6,8
5,5
6,6
•5 •?
S/B

7,7
6,6
7,7
6 (S
6,7
7,8
8,8
5,6
6,6
7 6
S/B

7,6
8,7
6,6
7 R
8,7
7,7
7,6
6,7
6,5
7 (S
S/B

(REA

W12
*****

8,8
6,6
6,7
7,7
7,8
6,6
7,7
6,7
7.7
6,6
6,7
S/B

DINGS

W13
!•****«

6,7
6,7
7,7
6,6
6,7
7,7
6,6
6,6
6,6
5,6
5,6
S/B

ARE

W14
*****

6,6
6,6
8,8
7,7
7,8
7,7
7,8
6,7
7,7
7,7
5,5
S/B

IN MI

W15
*****

7,6
6,7
6,7
7,7
7.7
6,6
6,5
8,7
7,7
8,7
7,6
S/B

CRORE

U16
*****

7,7
7,6
7,8
6,7
6,6
8,8
5,5
6,6
6,6
5,6
S 6
S/B

M/HOU

W17
*****

6,7
7,6
7,6
7,7
6,5
6,7
6,5
7,6
7,7
6,7
6 7
S/B

R AT

W18
*****

8,8
6,6
7,8
8,8
7,7
6,6
5,6
7,7
6,7
6,7
<S (S
S/B

1 MET

W19
*****

7.7
6,5
6,7
6,7
6,5
7,7
8,8
5,7
7.8
7,6
<S *
S/B

ER, />

W20
*«** *

6,7
6,6
8,8
6,8
7,7
7J
7,7
5,6
5,5
5,6
6 6
S/B

NO 1

U21
*****

6,6
7,7
6,6
6,7
7,8
6,6
7,7
7,7
8,6
5,6
6,6
S/B

CM AB

W22
*****

7,7
8,8
8,8
7,7
7,7
7,7
7,8
7,8
6,6
7,7
6,7
S/B

OVE G

W23
*****

5,5
7,7
5,5
7,8
5,5
7,7
6,7
7.7
6,7
5,6
5,5
S/B

ROUND

W24
*****

6,7
7,8
7,7
7,8
7,8
6,7
7.7
7,7
6,5
5,5
6,6
S/B

SURF

W25
*****

7,7
7,6
6,6
7,6
7,8
5,5
7,7
6.7

6,6
6,7
S/B

ACE)

U26
*****

6,7
5,7
6,7
6,7
7,7
7.6
7,6
6,6

7,7
6,6
S/B

W27
*****

6,7
6,7
8,7
7,7
8,7
8,8
6,6
7.6

6,6
7,7
S/B

U28
*****

6,7
7,8
7,7
5,6
7,6
7,7
7,6
7,6

7 <S
5,6
S/B

W29
*****

7,7
7,6
6,6
7,8
6,7
7,7
6,5
7,7

6 S
6,7
S/B

W30
*****

6,7
7,6
7,7
6,7
5,5
6,6
6,6
7,7

A <S
6,7
S/B

W31
*****

6,6
7,7
7,6
6,5
8,7
6,6
7,6
7.7
5,5
6 7
5,5
S/B

W32
i

6,!7
6,(6
5, '6
6,5
7j6
6J6
7,7
6,6
6,'S
<S 6
6,6
S/B

U33
*****

6,7
5,7
6,5
6,7
7,7
6,5
5,5
7,7
7,7
6,6
6,7
S/B

W34
*****

5,5
7,7
8,7
6,7
7,6
7,6
6,6
5,5
5,6
7,6
6,6
S/B

W35
*****

6,6
6,7
6,6
5,6
7,7
6,6

8.7
6,5
7,7
5,5
S/B

W36
*****

6,7
6,5
6.6
7,6
6,5
5,5

7.7
6,6
6.6
6,6
S/B

U37
*****

'• ••• -•'•.'

6,7
8,8
6,7
5,6
6.6
6.5

7.6
6,6
7.6
6,6
S/B

U38
*****

6,6
7,6
8,8
6,6
6,7
7,8

7,7
6,5
7,6
6.6
S/B

W39
*****

6.5
7,6
6.7
7,7
6,5
7.6

7.7
6,6
7,7
5,5
S/B

W40
*****

5,7
7,6
5,5
5,6
5,5
6,6

6,5
6,6
5.6
5,5
S/B

U41
*****

6,7
6.7
6,7
6,5
5,5
5,5
6.7
5.5
6,5
5.5
7.6
S/B

W42
*****

7,6
5,5
7,6|
7,7
7,7
5,6
6,5
5,5
5,6
5.5
5.5
S/B

* S/B = Survey Boundary



I Table IB

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS
FOR FORD, EARTH CITY RADIOLOGICAL SURVEY

EARTH CITY, MISSOURI

NORTHWEST GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE

I
I
I

(E&U) WO U12 W25 U50 W60

(N&S)
S17
S16
S15
SU
S13
S12
S11
S10
59
S8
S7
S6
SS
Si>
a
52
SI
so
HO
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14

PHASE
ARI

5.6
5.6
5.5
5.6
5.7
6.6
6,5
6,6
6,5
5.5
6,7
7.7
6,7
5.6
6,6
S/B

SURVEY
>

6.7
7.6
7.7
6.7
7,7
6,8
8,6
6,6
7,8
6.6
8,7
7,7
7,7
6.7
8,6
S/B

**••****«

LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON

LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON

PHASE
AR

7,6
6.6
7,7
5.7
6.6
6,5
7,7
7,7
6,6
7,7
7.7
5,6
5,5
5.5
7,7
S/B

SURVEY
•A

6,5
6,5
7,7
6.7
5,5
6,5
5,5
6,6
6,7
7,7
6,5
6.6
7,8
6.7
7,7
S/B

>*****•<

6,5
5.5
6,6
6,7
6,6
6.6
5,5
5.5
5,5
6,6
7,6
6.7
7.8
7,6
5,6
6.5
7,6
5.6
8,6
7,6
7,7
7,6
6,6
6,5
7,7
6,8
7,6
6.6
7.7
7,6
5,5
6.6
7,6
S/B

>*****••

6,6
7,7
6,6
5,5
6.5
6,6
7,7
6,6
6,6
6.6
6,6
6,6
7,6
7,7
7,7
7,7
7,6
6.5
6.7
6,6
6,7
7.6
6,7
7.8
5,5
6,6
5,6
6,5
5.6
7,7
7,8
5.5
6,6
S/B

******<

5,5
6,6
5.7
6.6
5.5
5.6
5.5
5,5
6,7
5.6
6.7
6.6
6,6
6.7
5.6
5,5
7,7
6.7
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B

**

S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B



Table 1C

1
1
1
1
1
1I
1
1
1
1
1
I
I
I
I
I
I

SUMMARY OF GAMMA RADIATION FIELD MEASUREMENTS
FOR FORD, EARTH CITY RADIOLOGICAL SURVEY

EARTH CITY, MISSOURI

WESTERN GRID

MICROREM/HOUR AT 1 METER, AND 1 CM ABOVE GROUND SURFACE

(E&U)
•W^WWW**

<N«S)
NO
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28
N29
N30
N31
N32
N33
N34
N35
N36
N37
N38
N39
N40
N41
N42
N43
N44
N45
N46
N47
N48
N49
N50
N51
N52
N53
N54
N55

WO
r4t4k̂ 4**fr

5.5
5.5
5,5
6,6
6,6
5,5
6,5
5,5
5.6
5,5
5,5
6,6
5,5
4,5
4,4
5,6
6,6
6.5
6,6
6,6
5,6
5,6
5,5
6,5
5,6
5,5
6,5
5,5
4,4
4.5
6,5
5,5
5,6
5,5
5.4
4,4
4,4
5,5
4,4
5,4
6,6
5,6
4,5
4,5
5,5
5,5
4.5
5.5
5,5
6,5
5,5
6.6
6.5
6,5
5,4
5.5
S/B

U15
t#Aft-*ftW^

6.5
6.5
6,6
6.5
6,6
7.6
6.5
5,5
6.5
7,6
6,6
7,6
6,6
6,6
7,7
7,6
6.5
6,6
7,6
8,7
6,5
6,5
6,6
7,7
8,7
5.5
6,6
7,7
6,6
5,5
6.6
6.6
7,6
7,6
6,6
7,7
6,6
7,6
5,5
6,6
7,6
5.5
5.5
5,5
6,5
6,6
6,7
6,6
6,7
6.6
6,5
5.5
6,5
5.5
7.7
6.6
S/B

U25

LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
LAGOON
S/B

U36

5,5
6.7
5,5
7.6
6.5
5.5
5,5
7,7
7,8
5,6
5.7
6.7
7,7
7,6
5,6
6,6
5,6
5.5
7.6
6.7
7.6
5.6
5.6
5,5
5,5
5,5
5,5
8,7
7.6
6.6
7.6
7,6
6,6
6.6
7.7
6,6
7,7
6,6
6.7
8,6
7.7
6,6
7,6
6,6
7,8
7,6
6.5
6.7
6,5
7,7
6.5
7.7
7,7
7,6
7,7
5,5
S/B

U46

7.6
6.5
6,7
7.7
5.5
7,6
8.7
7.6
7.7
6,7
7,8
6,7
5,5
5.6
5,5
6,5
7,6
6,5
5.5
5,5
5,6
7.8
6.6
6.7
7,6
6,6
7,7
6.6
7.7
7.6
6,7
7,6
7,7
6.7
5.5
7.7
5.5
6,7
5,5
6,7
5,6
6,6
5.5
6,7
5.5
7.6
6,6
6,5
7,7
6,5
6,6
7,6
6,6
7,6
5,5
5,6
S/B

S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/8
S/fl
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/B
S/8
S/B



I
I
II
I
1
I
I
I
I
I
I
I
I
I
p
I
I

Table 2
Volumes & Preservatives
Soil & Sediment Samples

Parameters

TPH

Semivolatiles
Pesticides
Herbicides

Metals
Cyanide

Radiologic

No.

1

1

1

1

Size

100 ml

500 ml

200 ml

500 gram

Type

glass

glass

polyethylene

plastic bag

Preserv

none

none

none

none

I



Table 3
Organic & Inorganic Data Summary

Soil Samples

Parameter

TPH

TPH - Misc

Semivolatiles

Benzoic Acid

2-Methylnaphthalene

Phenanthrene

Di-n-butylphthalate

Fluoranthrene

Pyrene

Butylbenzylphthalate

Bis(2-Ethylhexyl)phthalate

Pesticides/PCBs

Herbicides

Metals

Arsenic

Lead

Mercury

Selenium

Thallium

Antimony

Beryllium

Cadmium

_Chromium

_Copper

Nickel

Silver

Zinc

_Cyanide

Units

mg/kg

mg/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/kg

BKG

ND

14.9

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

5.8

17.4

ND

ND

ND

6.9

ND

1.1

14.5

24.0

18.0

ND

61.6

ND

COMP1

ND

5.1

ND

ND

ND

ND

30

30

ND

ND

ND

ND

5.89

13.6

ND

ND

ND

ND

ND

ND

18.1

22.8

18.3

ND

62.4

ND

COMP2

ND

5.1

30

10

30

50

50

30

ND

ND

ND

ND

7.41

15.9

ND

ND

ND

7.4

ND

ND

15.5

25.0

19.2

ND

57.4

ND



Table 4A
•adiologic Data SuMary
Unbiased Soil Samples

Parameter

Type

Depth

Laboratory

Gross Alpha

Cross Beta

UraniuB-234

Uranium 235/236

Uranium 238

Thortuji 230

Thorium- 232

Potass tum-40

Cesiiat-137

Radium- 226

Radium- 228

Units

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

pci/g

KG

Background

0-6"

ITC

33.0 */- 11.4

27.9 */- 9.6

1.1 >/- 0.3

< 0.6

1.1 +/- 0.3

3.6 +/- 0.6

1.5 */- 0.3

18.1 */- 2.9

< 0.2

1.1 */- 0.1

1.3 */- 0.2

UB1

investigative

0-6"

ITC

23.6 */- 9.9

23.5 V- 8.5

1.3 V 0.3

<0.6

1.0 */- 0.2

2.5 */- 0.5

1.0 V- 0.3

9.9 V 1.«

0.3 */- 0.05

1.0 */- 0.1

1.1 */- 0.1

UB2

investigative

0-6"

ITC

26.0 +/- 10.1

30.0 */- 11.1

1.2 */- 0.3

<0.6

1.2 +/- 0.3

1.8 »/- 0.4

1.2 */- 0.3

11.7*/- 1.6

0.3 +/- 0.06

1.2 */- 0.1

1.2 */- 0.2

UB3

investigative

0-6"

ITC

25.8 +/- 10.1

31.1 */- 10.9

0.9 */- 0.2

<0.6

0.9 +/- 0.2

2.2 +/- 0.5

1.2 */- 0.3

U.6 */- 1.9

0.2 +/- 0.06

1.2 +/- 0.1

1.2 +/- 0.2

UB4

investigative

0-6"

ITC

20.0 +/- 8.5

29.0 +/- 9.9

1.0 +/- 0.2

<0.6

0.7 +/- 0.2

2.1 +/- 0.4

1.1 +/- 0.3

17.7 +/- 2.9

<0.2

1.1 */- 0.1

1.4 +/- 0.2

UBS

investigative

0-6"

ITC

18.3 */- 8.3

25.6 +/- 9.7

1.3 */- 0.3

<0.6

1.0 +1- 0.2

3.0 +/- 0.7

1.6 */- 0.4

18.6 +/- 3.0

<0.2

1.1 V- 0.1

1.6 +/- 0.2

UB6

investigative

0-6"

ITC

27.5 */- 9.9

25.1 */- 8.0

1.2 */- 0.3

<0.6

1.2 */- 0.3

2.5 V 0.5

1.2 »/- 0.3

19.7 */- 3.2

0.2 V 0.05

1.2 */- 0.1

1.5 */- 0.2



Table 48
ladlologic Data

Area B1 Biased Soil

Parameter

Type

Depth

Laboratory

Gross Alpha

Cross Beta

Uraniuat-23*

Uranium 235/Z36

Uraniua 238

Thoriua 230

ThoriuB-232

Potassfua-40

Cesiuv-137

Radiua-226

Radiuft-228

units

pci/g

pci/g

pci/g

pCi/g

pci/g

pci/g

pci/g

pci/g

pci/g

pCi/g

pci/g

BKG

BackgrcxntS

0-6"

ITC

33.0 */- 11.*

27.9 */- 9.6

1.1 */• 0.3

< 0.6

1.1 */- 0.3

3.6 */• 0.6

1.5 */- 0.3

18.1 */- 2.9

< 0.2

1.1 +/- 0.1

1.3 +/- 0.2

B1A

investigative

0-6"

ITC

1650 +/- 340

313 V 66

7.9 */- 1.0

<0.6

6.9 */- 0.9

1580 +/- 370

5.1 */- 1.6

12.4 +/- 2.2

<0.2

39.5 */- 3.3

1.0 */- 0.3

B1A

split of B1A

0-6"

CEP

44.6 »/- 1.8

21.2 */- 0.6

4.2 +/- 0.5

0.6 +/- 0.2

1.6+/- 0.3

<0.2

1.0 */- 0.2

11.1 +/- 1.4

0.1 +/~ 0.1

41.4 +/- 0.4

<0.1

B1B

dn>l. of B1A

0-6"

ITC

1980 V tOO

304 +/- 64

6.3 */- 1.1

<0.6

6.3 +/- 1.1

1390 +/- 270

4.1 »/- 1.1

6.8 +/- 1.5

<0.2

29.6 */- 4.5

1.0 +/- 0.3

B1C

investigative

6-12"

m
1810 */- 370

274 +/- 58

7.4 +/- 1.0

<0.6

7.0 */- 1.0

1430 */- 360

6.7 +/- 2.2

11.6+/- 2.0

0.3 */- 0.1

24.0 */- 3.7

1.3 +/- 0.3



Table 4C
Radiologie Oat*

Area 82 Biased Soil Sample

Parameter

Type

Depth

Laboratory

Gross Alpha

Gross Beta

UrantuB-234

UraniiM 235/236

Uraniua 238

Thoriiai 230

Thortut-232

Potass iua-40

Cestu»-137

RadtUB-226

Radiua-228

Uhits

pcf/g

pci/g

pci/g

pci/g

pci/g

pcf/g

pci/g

pci/g

jjci/g

pCJ/g

pCi/g

BKG

Background

0-6"

ITC

33.0 */• 11.4

27.9 */- 9.6

1.1 +/- 0.3

< 0.6

1.1 */- 0.3

3.6 */- 0.6

1.5 V- 0.3

18.1 V 2.9

< 0.2

1.1 */- 0.1

1.3 */- 0.2

B2A

Investigative

0-6"

ITC

7810 V 1570

969 */- 197

18.0 +/- 2.4

2.1 */• 0.4

tt.4 */- 1.6

3720 +/- 780

4.5 V- 1.3

9.4 */- 1.8

<0.2

15.1 V- 1.9

1.3 V 0.4

B2A

split of B2A

0-6"

CEP

199 V 2.4

34.5 */- 0.5

14.4 «/- O.B

0.2 */- 0.1

2.4 */- 0.3

<0.2

1.3 */- 0.5

9.2 +/- 3.3

<0.1

132 »/- 8.0

150 */- 38

B2B

dupl. of B2A

0-6"

ITC

5560 */ 1120

776 */- 159

11.3 */- 1.5

<0.6

6.5 */- 0.9

2820 +/- 580

13.1 +/- 3.0

9.2 +/- 1-7

<0.2

59.3 */- 4.7

1.2 »/- 0.3

B2C

investigative

6-12"

ITC

1080 +/- 220

149 */• 35

2.0 */- 0.3

0.7 v- 0.2

2.1 V 0.4

574 V 113

1.2 */- 0.5

9.5 */• 1.6

<0.2

9.9 +/- 1.6

1.0 */- 0.2



Table 40
Radiotogic Data
Composite Soil

Parameter

Type

Depth

Laboratory

Gross Alpha

Gross Beta

UraniuB-234

Uraniui 235/236

Uraniua 238

Thoriua 230

Thoriua-232

Potass iua-40

CesiuN-137

Radiua-226

Radiim-228

Unfts

pCi/g

pci/g

j>Ci/g

J>Ci/g

J*«/9

J*i/g

f>Ci/g

JC«/S

J>c«/g

J>c«/g

PCi/g

BKG

Background

0-6"

ITC

33.0 */- 11.*

27.9 */- 9.6

1.1 +/- 0.3

< 0.6

1.1 +/- 0.3

3.6 +/- 0.6

1.5 +/- 0.3

18.1 +/- 2.9

< 0.2

1.1 */- 0.1

1.3 */- 0.2

COMP1

investigative

0-6"

ITC

15.0 */- 7.1

25.5 V 10.1

1.0 */- 0.3

<0.6

1.0 V- 0.3

2.2 */- 0.5

1.3 */- 0.3

10.1 +/- 1.*

<0.2

1.1 */- 0.1

1.2 */- 0.2

COMP2

investigative

0-6"

ITC

18.4 V- 8.2

21.8 +/- 9.8

1.0 */- 0.2

<0.6

0.8 +/- 0.2

2.4 */- 0.4

1.2 */- 0.3

18.2 */- 2-9

<0.2

1.2 */- 0.1

1.3 */• 0.2



Table 5
Organic 6 Inorganic Data summary

Sediment Samples
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Parameter

TPH

TPH - Misc

Semivolatiles

Benzole Acid

2 -Me thy Inaphtha 1 ene

Phenanthrene

D i -n-buty Iphtha late

Fluoranthrene

Pyrene

Butylbenzylphthalate

Bis(2-Ethylhexyl)phthalate

Pesticides/PCBs

Herbicides

Metals

Arsenic

Lead

Mercury

Selenium

Thallium

Antimony

Beryllium

Cadmium

Chromium

Copper

Nickel

Silver

_Zinc

_g7anide

Units

mg/kg

mg/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

ug/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/kg

BKG

NO

14.9

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

5.8

17.4

ND

ND

ND

6.9

ND

1.1

14.5

24.0

18.0

ND

61.6

ND

83

ND

12.0

35

ND

30

10

40

50

ND

ND

ND

ND

2.12

12.4

ND

ND

ND

ND

ND

ND

5.5

15.2

9.7

ND

32.8

ND

84

ND

6.3

140

ND

40

100

ND

30

50

190

ND

ND

5.6

17.8

0.18

ND

ND

6.7

ND

ND

13.1

23.0

16.3

ND

56.8

ND



Table 6
Radiologic Data

Sediacnt Saapl

Parameter

Type

Depth

Laboratory

Gross Alpha

Gross Beta

UraniuB-23*

Uraniua 235/236

Uraniua 238

Thoriui 230

Thoriua-232

Potassiua-40

Cesiu»-137

Radius 226

Radiu*-228

Units

PCI/9

pCi/fl

pCi/9

pCi/9

PCi/9

PCi/9

PCi/9

PCI/9

PCi/9

pCl/9

pCi/9

KG

Background

0-6"

ITC

33.0 V 11.*

27.9 »/- 9.6

1.1 V 0.3

< 0.6

1.1 */- 0.3

3.6 V 0.6

1.5 V- 0.3

18.1 +/- 2.9

< 0.2

1.1 */• 0.1

1.3 »/- 0.2

SI

investigative

0-6"

ITC

32.1 */- 11. B

26.7 */• 11.0

1.0 +/- 0.3

<0.6

0.9 */- 0.2

1.3 +/- 0.3

1.0 */- 0.3

17.7 +/- 3.0

0.2

1.2 */- 0.2

1.2 */- 0.3

S2

investigative

0-6"

ITC

17.* +/- 7.7

25.7 »/- 9.1

1.0 V 0.3

<0.6

1.1 */• 0.3

2.3 +/- 0.*

1.2 */- 0.3

5.1 V- 1.0

.07 */- .03

1.2 +/- 0.1

1.3 */- 0.2

S3

investigative

0-6"

ITC

23.2 */- 9.1

17.9 */- 7.6

0.7 */• 0.2

<0.6

0.8 */- 0.2

2.6 */- 0.4

0.7 +/- 0.2

10.2 */- 1.*

<0.2

0.8 */- 0.1

0.6 */- 0.1

S*

investigative

0-18"

ITC

219 V- 50

27.3 */ 9.*

1.1 +/ 0.3

<0.6

0.6 V 0.2

2.* */• 0.5

1.1 */- 0.3

10.9 */- 1.5

<0.2

1.2 */- 0.1

1.3 */- 0.2
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TABLE 7

FORD (EARTH CIU). PHASE II PROPERTY EVALUATION
OOUNHOLE GAMU LOGGING RESULTS

DEPTH
(6" INTERVALS)

6 A
12 B
18 C
24 D
30 E
36 F
42 G
48 H
54 I
60 J
66 1C
Ti L
78 M
84 N
90 0
96 P
102 0
108 R
114 S
120 T
126 U
132 V
138 U
144 X
150 Y
156 Z
162 AA
168 AB
174 AC

UNITS1

CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/MIN
CNTS/HIN
CNTS/H2N
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN
CNTS/HIN

WELL
HU-101

3600
4000
4000
4000
4200
4000
4000
3600
3400
4000
4000
3800
3700
3700
3500
3600
3400
3400
3200
3500
3400
3400
3500
3600
3400
3300
WATER

WELL
NU-102

4000
4200
4200
4200
4300
4200
4200
3900
3700
3800
4000
3700
3700
3700
3800
3700
3700
3700
3600
3300
3200
3000
3000
3000
3000
3000
3100
3100

WATER

WELL
NU-103

4000
4000
4000
4000
3200
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000-
3100
3400
4000
4000
3600
3700
3400
3600
3600
WATER

WELL
HU-104

3900
4200
4400
4400
4500
4700
4500
4000
3300
4000
4000
4300
4300
4300
4000
4000
4000
4000
3300
3600
3900
3900
3700
3700
WATER

WELL
MM 05

3700
3600
3800
4000
4000
4000
4000
4300
4000
3500
3600
3800
3800
3700
3800
4000
4000
4000
3300
3600
3900
3900
3700
3700
VATER

WELL
HU-106

3800
3800
3800
4400
4400
4000
4000
4000
4000
3200
4200
4400
4400
4400
4200
4000
4200
4000
4000

WATER

WELL
HU-107

3600
4000
3600
3800
3800
3600
3800
3400
3400
3800
3800
4000
4000
4200
4000
4200
4000
WATER

Readings are in gross courts per minute without background subtracted.



Table 8
Volumes i Preservatives

Water Samples

Parameters

VOAs
Semivolatiles

Pesticides/PCBs

Herbicides

Metals

cyanide

Radiologic
(Filtered)

Radiologic
(Unfiltered)

No.

2

1

1

1

1

1

1

1

Size

40 ml

2 liter

1 liter

1 liter

250 ml

500 ml

4 liter

4 liter

Type

glass

amber glass

amber glass

amber glass

polyethylene

polyethylene

plastic

plastic

Preserv

HC1

none

none

none

HNO,

NaOH

HN03

HN03

•
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Table 9
Organic ft Inorganic Data

Uater Saaptcs

PARAMETER

Type

Laboratory

VOCs (selected)

Methylene Chloride

Acetone

1-1 Dichloroethane

1-1 Dichloroethene

Toluene

Ethyl Benzene

Xylene

Seauvolatfles (selected)

Oi-ethylphthalate

Bis(2-ethylhexyl)phthalate

Chrysene

Pesticides/PCBs

Herbicides

Metals (selected)

Antimony

Arsenic

Copper

Mercury

Nickel

Selenium

Silver

Zinc

Cyanide

UNITS

Ppb

ppb

PPb

Ppb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

PPb

ppn

MW-101

inv

SU

18 B

5 J

ND

NO

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

152

ND

ND

ND

ND

102

ND

HW-102

inv

SU

16 B

ND

3 J

ND

NO

ND

ND

ND

2 JB

1 J

ND

ND

ND

ND

326

ND

13.8

ND

ND

52.8

ND

HU-103

inv

SU

26 B

17 B

ND

ND

8

2 J

10

ND

ND

ND

ND

ND

34.5

ND

43

ND

ND

ND

ND

34.1

ND

MU-104

inv

SU

1 JB

5 JB

ND

ND

NO

ND

ND

ND

ND

ND

ND

ND

ND

ND

131

ND

ND

ND

ND

40.7

ND

MU-10S

inv

SU

18 B

6 J

ND

ND

ND

ND

ND

ND

2 J

ND

ND

ND

ND

ND

73

ND

ND

ND

ND

489

NO

MU-106

inv

SU

19 B

4 J

ND

ND

ND

ND

ND

ND

27

ND

ND

ND

44.7

ND

80

ND

ND

ND

NO

56.4

ND

MU-107

inv

SU

16 B

3 J

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

33.1

ND

62

ND

10.9

ND

NO

43

ND

MU-108

102

SU

15 B

ND

ND

3 J

ND

ND

ND

ND

ND

ND

ND

ND

34.5

ND

81

ND

14

ND

ND

44.5

ND

KU- 109

102

EEI

ND

ND

6

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

3.1

ND

0.48

ND

1.3

1.1

ND

NO

KM- 1090

102

EEI

ND

ND

ND

ND

ND

ND

ND

ND

14

ND

ND

ND

ND

2.5

ND

ND

ND

ND

ND

ND

NO

MU-110

rinse

SU

16 B

4 JB

NO

ND

ND

ND

ND

8 J

ND

ND

ND

ND

ND

ND

102

ND

ND

ND

ND

40.5

ND



TaMelM
Radtologic Data

Water Sonl

Parameter

Type

Laboratory

Gross Alpha

Gross Beta

UranfuB-234

UraniiM 235/236

Uranfut 238

Thorii» 230

Thoriut-232

PotassiiM-40

CesiuB-137

RaditM-226

Radiiw-228

Units

PCJ/I

PCI/1

PCI/I

PCI/1

pCi/t

pCi/l

PCI/l

PCi/l

PCi/l

PCI/l

pCi/l

NU101-U

Investigative

Unfiltered

ITC

< 10.0

24.1 +/- 8.4

9.1 V- 1.8

1.4 +/• 0.6

8.6 */- 1.7

1.0 */- 0.4

< 1.0

<130

< 20

< 1.0

< 3.0

MU101-F

investigative

Filtered

ITC

< 7.7

9.5 +/- 6.3

1.3 V 0.3

< 1.0

< 1.0

< 1.0

< 1.0

<160

< 20

< 1.0

< 3.0

NU102-U

investigative

Unfiltered

ITC

< 8.1

7.1 »/- 5.5

1.4 */- 0.4

< 1.0

1.3 */- 0.4

< 1.0

< 1.0

<140

< 20

< 1.0

< 3.0

NU102-F

investigative

Filtered

ITC

< 2.3

< 8.4

2.4 */- 0.6

< 1.0

1.6 */- 0.5

< 1.0

< 1.0

<180

< 20

< 1.0

< 3.0

MU103-U

investigative

Unfiltered

ITC

17.2 V- 9.6

23.4 +/- 10.1

1.3 V- 0.2

< 1.0

1.2 +/- 0.2

1.2 */- 0.5

< 1.0

<150

< 20

< 1.0

< 3.0

MU103-F

investigative

Filtered

ITC

< 7.0

<13.4

5.1 */- 0.9

< 1.0

3.6 */• 0.7

1.6 */- 0.5

< 1.0

<180

< 20

< 1.0

< 3.0



._w,fadfologic Data
Water SaapU*

investigative Investigative investigative Investigative investigative investigative

Laborato

Cross Al

Cross Beta

Uranuat-234
^̂ ™"̂ ^̂ ™™-

tlranim

Uraniuai 238

Thoriua Z3Q

ThoritBr-232

Potasaiuar-40



Table IOC
•adfologic Data

Water Sables

Paraaeter

Type

Laboratory

Gross Alpha

Gross Beta

UraniuB-234

Uraniua 235/236

Uraniua 238

Thoriua 230

Thoriue-232

Potassiua-40

Cesli«r137

Radiua-226

RadiiM-228

Units

PCI/1

PCI/1

PCJ/I

PC«/1

PCI/1

pCi/l

PCJ/I

PCJ/I

pCJ/l

PCi/l

PCI/1

NU107-U

Investigative

Unflltered

ITC

202 +/- 36

17.7 */- 11.0

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

<180

< 20

< 1.0

•< 3.0

MU107-F

Investigative

Filtered

ITC

< 10

< 9.3

1.6 +/- 0.4

< 1.0

1.2 V 0.3

< 1.0

< 1.0

<180

< 20

< 1.0

< 3.0

MU108-U

oVpl. NU102-U

Unfiltered

ITC

< 7.5

< 10.3

2.2 */- 0.5

< 1.0

1.7+/- 0.4

1.6 +/- 0.6

< 1.0

<190

< 20

< 1.0

< 3.0

MU108-F

dupl. MU102-F

Filtered

ITC

< 10.6

< 8.4

3.6 V 0.6

< 1.0

2.9 +/- 0.5

< 1.0

< 1.0

<150

< 20

< 1.0

< 3.0

KU109-U

split MU102-U

Unfiltered

CEP

< 2.0

7 */- 3

< 0.6

< 0.6

< 0.6

< 0.6

< 0.6

< 5

11.0 */- 0.8

1.5 */- 1.0

< 1

HU109-F

split MU102-F

Filtered

CEP

< 2.0

< 3

< 0.6

< 0.6

< 0.6

< 0.6

< 0.6

< 5

< 2

< 0.6

< 1



Table 100
Radfologic Data

Water Saapt

II Paraaeter

| Type

|

11 Laboratory

II Gross Alpha

II Gross Beta

Uraniua-234

Uranfua 235/236

Uraniua 238

I Thoriua 230

Thoriua-232

Potass iua-40

Cesiua-137

Radita^ 226

Radiua-228

Unltf

pCl/l

pCi/l

pCf/l

PCi/l

pCi/l

PCi/l

pCi/t

PCi/l

PC«/1

PC1/I

pCi/l

Mnio-u
rinse

Unffttered

ITC

< 1.0

< 4.0

< 1.0

< 1.0

« 1.0

< 1.0

< 1.0

<100

< 20

< 1.0

< 3.0

HU110-F

rinse

Filtered

ITC

< 1.0

< 4.0

< 1.0

< 1.0

< 1.0

< 1.0

< 1.0

<190

< 20

< 1.0

< 3.0

WAT

soil rinse

ITC



TABLE 11

SAMPLE REANALYSIS DATA

1
1
1
•
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Sample ID

S4

B1A

B2A

MW106-U

Type

Sediment

Soil

SoU

Groundwater

Parameter(s)
Reanalyzed

Gross alpha

Gross alpha
Gross beta
Thorium-230

Gross alpha
Gross beta
Thorium-230
Radium-226
Radium-228

Gross alpha

Date

5/25/90

5/25/90
5/25/90
6/07/90

5/25/90
5/25/90
6/07/90
5/25/90
5/25/90

5/25/90

Results ± 2G (units)

19.3 ± 8.6 (pCi/g)

1140±240(pCi7g)
250 ± 53 (pCi/g)
1750 ± 360 (pCi/g)

4100 ± 830 (pCi/g)
627 ± 129 (pCi/g)

3530 ± 970 (pCi/g)
89.5 ± 4.7 (pCi/g)
< 1.16 (pCi/g)

307 ± 133 (pCi/g)

D&M Job No. 19943-002-045
June 14, 1990



West Lake Landfill

FORD PROPERTY

WEST LAKE LANDFILL

LANDFILLED RADIOACTIVE^
MATERIAL

- FIGURE I

SITE LAYOUT MAP

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore
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West Lake Landfill

- FIGURE 2

AREA OF OVERLAND GAMMA SURVEY

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Mooro
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SCALE

FIGURES

GAMMA SURVEY GRID OVERLAYS

U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



West Lake Landfill

\

V

FIGURE 4

SOIL SAMPLE LOCATIONS

SOIL SAMPLE LOCATIONS U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



West Lake Landfill
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• SEDIMENT SAMPLE LOCATIONS

FIGURE S

SEDIMENT SAMPLE LOCATIONS

U.S. REAL ESTATE
EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



West Lake Landfill

BORING/ MONITORING WELL LOCATIONS

FIGURE S
SOIL BORING/ GROUNDWATER

MONITORING WELL LOCATIONS
U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moore



CC*'fiK.L=

FIGURE 7-101

CC'VMHCLS

FIGURE 7-102

CC'"NHCL= GAI.MA LOG

FIGURE 7-103

« U 10 TO T3 ••«

FIGURE 7-104

FIGURE 7

DOWNHOLE GAMMA RADIATION PLOTS

U.S. REAL ESTATE

EARTH CITY, MISSOURI

Job No. 19943-002 Dames & Moor
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APPENDIX A
Certificates of Calibration



CORPORATION

12345 KINSMAN ROAD. NEWBURY. OHIO 44065
(216) 564-2251 telex 980474

CERTIFICATE OF INSTRUMENT CALIBRATION

1
1

DAMES & MOORE
CUSTOMER:- Q# HOG

micro rem A880N
INSTRUMENT MODEL:- SERIAL *

CALIBRATION DATA

i
i
t
*

r

RANGE
•

X1000

X100

1
X1Q

XI

XO.l

EXPOSURE RATE

160 mR/h

16 mR/h

1.6 mR/h

160 uR/h
•

16 uR/h

INST. READING

160

16

1.6

160

16

EXPOSURE RATE

40 mR/h

4 mR/h

400 uR/h

40 uR/h

1
i

INST. READING

40

4

400

.
1

40

I
i~l THE Cs-137 1 Ci SOURCE USED FOR THIS CALIBRATION HAS A CERTIFICATE

-i STATING ITS TRACEABILITY TO N.B.S. (N.I.S.T.) STANDARDS.

- j ' il* INSTRUMENT CALIBRATED WITH A CS-137 GAMMA SOURCE USING A CONVERSION
• ̂  FACTOR OF 1 urera/h

I

I

1 uR/h

OTHER CALIBRATIONS AVAILABLE UPON REQUEST.

CALIBRATED BY: -• V Î M̂ f̂̂ , C' • ̂ -DATE:-



CORPORATION

12345 KINSMAN ROAD. NEWBURY. OHIO 44065
(216) 564-2251 telex 980474

CERTIFICATE OF INSTRUMENT CALIBRATION

DAMES & MOORE
CUSTOMER:- Q*

I
micro rem A882N

-• INSTRUMENT MODEL:- SERIAL #

CALIBRATION DATA

-1
~b1
H

1
1
w-

ij
-a]
|J

i;

RANGE

. X1000

X100

XI 0

XI

XO.l

_

EXPOSURE RATE

160 mR/h

16 mR/h

1.6 mR/h

160 uR/h

16 uR/h

INST. READING

160

16

1.6

160

16

EXPOSURE RATE

•
40 mR/h

4 mR/h

400 uR/h

40 uR/h

iINST. READING;i

40 j

i
3.9 ;

1

400

40

1
i
i
I

"} THE Cs-137 1 Ci SOURCE USED FOR THIS CALIBRATION HAS A CERTIFICATE
J STATING ITS TRACEABILITY TO N.B.S. (N.I.S.T.) STANDARDS.

•J * INSTRUMENT CALIBRATED WITH A CS-137 GAMMA SOURCE USING A CONVERSION
FACTOR OF 1 urera/h

1 uR/h

OTHER CALIBRATIONS AVAILABLE UPON REQUEST.

; CALIBRATED BY : ̂r/v̂ A C ̂ Wp.A -DATE:-
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APPENDIX B
Chain-of-Custody Records
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DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Soiifco & Cllonl "£-•&££> (J-£ "JP^flC- G5'7fl'/rtz

Projocl Tl l lo &frie-7/S' (^fT^

D a l d

•

V s

.Tlmo

*"-

x^~

/

I.D. Ho. •.'•

S/

•5 3

J 3
5/
C (
f^-L.

oB-/
ug, 2
c/S' 3
LfS~ V

off-*"
1 1^7 ' ^^*
L^U **" ti

^t-

^— ̂
Re 1 1 iv] u I ilied by |

• ( S i g n a t u r e )

U e l I n q u l e l i e d b y l
( S i g n a t u r e )

tic 1 1 iv ju l elicd l>y|
( S i g n a t u r e )

Data

Date

Date

Tlmo

Tina

Tlmo

Snmplo
Typo

*--Ai+^\

-^cf

^-fitif

S--&&

Soi ( -<ionft

S0«' [ <^4<**f

3Ot \

<0. ,

5oi \
s~oi 1

r0l-{

So: (

"A

\^/

No. of
Couliilnors

1

/

» i
/
/
/
1
(

I
1

. /
/

^-" \

^-^
Received by l
(S igna ture )

R e c e i v e d by I
• ( S i g n a t u r e )

K e c c l v c d l iyi
( S i g n a t u r e )

Date

Date

D n t a

Hue

T i m e

Time

Joh No. /^^f^3 -oa^

Sampling Silo

si* CL<- /^.c/L £<J
5<o £U

•

o*-> / 1 8<*j
HI co 3 "7

(3*0/3505-
yj^/o fjc ^

i~)ot^ l 3£<~J

v ^
^^ \ ^ '

"̂  •*"

l(e 1 liiipil alied byl
(S ignature)

He 1 I n q u l al icd byl
( f i l g l i a t n r a )

Re 1 1 ni |«il olieJ byl
( S i g n a t u r e )

Date

Date

D a t a

Flold Porsdnnel . (Signature)

Remarks

0-£ "
o~C ••- •

0-C

&-€"rt-£ '

o-c . .

V
•

Time deceived byl Date . Tine
(Signature)

Tine Received byl Date Tine
(Signature)

Time Rece ived byl Date T lmo
(S igna ture )
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DAMES & MOORE Cl 1AIN-OF-CUSTODY RECORD

Sninple Source & GHenl 'Fz> .̂~t> (_)S £*-* ( £?>~h(B

Pro|ocl Tll lo ^u./l CV<f

D a l d

\

•

/

{-
\ r

.Tlrno

/

/

/

/

Sninple
I.D. No. •

J?/-/rt

KI-&

Kl'C
T52-/X

152 -I?

B3-C
filter

U^/VT
v

/ \
\

• \
\ •

v~-

He I 1 rv] n li lied byl
• ( S i g n a t u r e )

^^^f {Z-fL/L*
R e l i i i q u l e l i e d b y l

( S i g n a t u r e )

He 1 1 i^| ill fllicd liyl
( S i g n a t u r e )

Data

</*
Date

Da to

Tlmo

Tlrno

Tlao

Sntnplo
Typo

501 1

*o:(

Jo'- 1

Jo.l

3u/ /

5o:\
<>o( \

*J*&*

/

/

/

/

No. ol
Conlnlnors

/

/

( :

/
/

/

/

/

^\
\

\
\

V
Hccc lved by l Da ta
( S i g n a t u r e )

R e c e i v e d by l Date
(Signature)

K ^ c e l v c d l iy t Di t to
(S lgna l i i r e )

Time

Time

Tlrar

Job No. /J<fY3 ~~&O 2.

Snmpllnn Silo

At^x '

/L
A^< 21

/
i • •

/^ N
/

/
/

^f •

lie 1 lin|iil olicil byl
( S i g n a t u r e )

lie 1 I n q u l o l t c d byl
(Slgl int i t re)

f l c l 1 in) ni nlicJ byl
( S l g i i n t u r e )

Data

Date

Data

Hold Personnel. (Signature) . •

Remarks

0-&
G-£ • • • • •

\
^^ i 9^j^^ i f^

0--C
o-c '
£-/i . . .

<^-^L7L

/
/

\ /

\ /V /
'

Tine Received byl Date . Tine
(Signature)

•

Tine Received byl Date Time
(Signature)

Tine HcceJveil byi Do te Tlao
( S i g n a t u r e )
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DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Snmplo Source & Cllonl ^22/> £ĵ $" &LO^ £.^~&?CZ~'

Profocl Tllla &<S[L C> ^-i

Onto

V//L

/

/

\

^

.Tlmo

/

/

-^

Snmplo
I.D. No. '

ftko-
5V

.53
<To*vvp ^

£0^p (

^\
/ \

/
/

\\

•

nel ln<]ulilied byl Date Tloo
• (Signature) /

(trl

(

f t r l

(

Inqulalied dyl Dnte Tina
Signature)

1 iw|ul alicil byi Onto Tina
Signature)

Snmplo
Typo

So,' )

Sec/.-yusA/

^^{,'̂ d

so; (
Sd/ /

\ /
^" ""^

No. ol
Conlnlnnrs

3
3
£ i

3
3

/
/

/
/

/
/

Received byl Data
(Signature)

Rece ived byl Dntn
(Slgnnturc)

(>ecelvci l liyi Dnto
(Signature)

Tlmr

Time

Time

Job No./ ̂ ^^^00~i_

Snmpllno Silo

•

^~X
A
\
\ •
\
\ •

•

Flold Personnel. (Slgnalure) .•

Memnrlts

-fptf, SMA; Yt fedf_ffo,(>ffa1: <TAO
/ ' / / i

. . '•

, .

/ •

/
/

/

/

t

'

Uellit'|iilolicd byi Dnte Time Received byt Date . Tine
(Signature) (Signature)
• .

llcl ln<|iil nlicd liyi Dnte Time Received byl Date Time
(r.lglintnre) • . (Signature)

lln 1 1 ii'pil nlicd byi Dnte Tlmo llocclved byi Dote Time
(.Mgnntiire) (Signature)
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DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

»

Sninplo Source & Cllonl *£^<3ft-E} cJ 5 &ed? 6s7^Cd

Projocl Tllle ^kV/l, dV £s — pl\c^>> £T

Do\6

_— - —

•

.Tlmo

I

\
\
\

Snrnplo
I.D. No. -.'•

^/A

&Z-A

/

/

\ /x^y
•

Hel 1 iM|iil alied byi Date Tine
(Signature) /

li/rTl nqul alied byl Date Tlreo
(SI gnnt lire)

He 1 1 ivjul ulicd liy 1 Date Tina
(S igna tu re )

Soinplo
Typo

<To//

sof 1

^~—
/

V

No. of
Conlnlnnrs

/

/

— ̂ \
\
\
\

\

received byi Date
(Signature)

deceived byl Date
(Signature)

K e c c l v c d byi Dntn
(SlgiiHtiire)

Time

Tlwr

r

Job No. /^«7yCJ- OO2_

Snmpllnn Silo

•

X

v ^X
\^ ^^ .

•

Field Personnel. (Signature) .•

Remarks

o~<s.r-
0-G^ ••• • •

)

/ . . -

./. .

/

/

/
•

*

'

e 1 1 M<|II| olied byi Date Time Received byl Da te . Time
(Signature) (Signature)
1 •

Itr 1 1 nqtil nlicd byl Date Tine deceived byl Date Tine
(Signature) • (Signature)

He 1 I ii'|iil nlicJ byi Date Time deceived byi Date Time
(Signature) (Signature)
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DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

.'

Sample Source & Client

Projocl Tllle

Dale

f

L)

•

Rel

r

.Time

(3-V5

/D-V5
/( ' &&

/(•' @&

*}~<x>
<?-OC>

Somplo
I.D. No.

/7}CO /C>^U-
/V\UJ IO$f

/faco }o£> (^~
/Wc*J /O6 f~*
/ncu /O7(<.
/r\ t^ /ol F

•

Itvjiiiabed byl Date

n«rl1 nqul elied byl Dote
(Signature)

He I I ivjul alicd by: Date
(S ignature)

Time

Tltno

Tina

Snmplo
Typo

U0*f*^

I
I

I

I

I

No. ol
Containers

/

I

(

f

t

1

Job No.

Pszyxk*!*-
tj.es 1

L

.

•

Received byi Data Tine fte 1 1 n<|til elied byi
(Signature) (Signature)

Received byl Date Tine Rel tnqulahed byi
(Signature) (Signature)

Received byt Date Tine Re 1 1 mjul alied byl
(Signature) • (Signature)

Data

Data

Date

Flold Personnel (Signature)

Remarks

A i PL ^ >
ft Ac. l^ji^J *T^»> p^>/>c<t^j-L*->»

r(-scos<f>^ i^/ •
T>60(-c( T)eo(0

IXl-r ̂  f^Qv^

\ •**) IT £• /' O A / 1
/ \ .

.

Tina Received byl Date Time
(Signature)

Tine Received byl Date Tine
(Signature)

tine Received by: Date Time
(Signature)



DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

/

Snmple Source & Client \~^r<f

Projocl Tllle t^Y^ <T ,' ^

Oalb

£L

•

1

2-

/
ly

.Time

'̂̂

r • £?&

t A * rtv

/ £>•' OO

10-̂

/0-30
13-30

JS-3*

/fl*
/^/•3f>
/

/

Samplo
I.D. No.

A] ujno u.
Alt<j/> OF
M\ kj IO3( Oî

ft] bj f O,9t f

/Mu,) /oV 6(.

/n(jL)id)fF
MUJ /o3^c
/*1(XJ/'C?3 ^

/M Co /c^V ̂ *-
/nLjLjio^F

^}// I
^WCOiTOf P
,VMAJ loca

Rel Inqtil alied byt
(Signature)

Relinquished byt
(Signature)

B e l t itqul ehcil
(Signature)

by:

Date

Date

t)nte

Time

^CW

Tina

Tina

Typa

CO^ttx,

l
1

vl/

^/

/

No. of
Corilolnors

f

\

^ ^\ /
^~^

Received byi
(Signature)

Received byi
(Signature)

" *

*

(Signature)

Date

Date

Date

Tine

Time

Tine

Job No,

Sampling Silo

^ \
\ / •
\ /

•

Relinquished byi
(Signature)

Relinquished byi
(SlRlinttire)

Rel 1 nqui nhed byi
(Signature)

Date

Date

Date

Field Personnel. (Signature)

Remarks

^ i: i . o A f
f^ <• elf C»lOt/e*-X / 1/1 » l-\ j» V

A- • •• /
/'A,IJ|V/ J^0^ *

Xi-/n £->^k/^ /<^v
i i

t .

-

x

V /-" \
^—^ ~^~-

f

Time deceived byt Date Time
(Signature)

Time deceived byi Date Time
(Signature)

Time Received byi Date Time
(Signature)
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DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Client ^Fe \̂r cl 7--~ 6..-C -̂\ ^ V ^*->
Pro|ocl Tllle /£/<?*/ 3 ~ £>O ̂

Da id

V'/fc^

1

•

. ,

/

/Lx

.Tlmo

P-' 3o

V*
n */5M'

\ _>

/^
/

Snmple
I.D. No. •

MLtJ/O I

1

I

A1 0^/05

\

\

^^^

Re 1 1 nqul ilied byi
• (Signature)

Rel 1 nqul ahed byi
(Signature)

Re 1 1 itqul alicd byi
(S igna tu re )

Date

Date

Date

Time

Tina

Tina

Sfimpla
Typo

<-O e\ \Q.t

;

^^

//

No. of
Conlnlnors

3 <-k>i\Q
/ - ^^
a , \ ̂
1 . <=>ooi&

( - ,0 SZ».*t4

r5 '#0.h&

/ ' 2 ̂
JL - IJ?
1 - £&0.<n,<L

./•••3'c2v/uC
.

\
x>..

Received byi
(Signature)

Received byi
(Signature)

Fv.jcclvcd byi
(SI gnature)

Date

Date

Data

Time

Time

Time 1

Joh No.

-SampllrnnSJto-

lie i
^tr.n-«

A n,( c

AMCu-f
/•//OO?

I-/-C' ^

A r,(̂

A /--xt-fc-
/U. ̂ Y/
///OrT)?

""-.\ .

•

Field Personnel, (Signature) •

Remarks

V/OA

^.v,,-.,,/./^ • • -

/^^ X&7,-/-

y^b^c~"/U
/JAJZ.4^5

OOA • •

.•seai/i ̂ I'/'^s

/^r^7 /&>5>S
I V f

/l\S> -k#.T

._ —' -••

t

-

Re 1 1 nqul alied byi Date Time Received byi D a t e . Tine
(Signature) (Signature)

lc 1 1 nqul alicd byi Dote Tine Received byi Dote Tine
(Signature) . (Signature)

tc 1 1 nqul alied byi Date Tine Received byi Date Tlmo
(Signature) (Signature)



DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Client

Project T i t l e

Dale

'/-fe-7

f
1

vj

,

/
( /

.Time

' //-'«»
»
/

I
J,

$-00
f.'M

/

i

^-)

/ 1

Sample
I.D. No.

fl\uol d£
)

AVG-J /o7
1

J/
~~TF- I

.̂
/

/
^

Rel inquished byt
• (S igna tu re )

R e l i n q u i s h e d by l
(S igna tu re )

R e l 1 i v j u l elicd byt
S i g n a t u r e )

Date

Date

Da te

Time

Tina

Tina

Sample
Type

u^6i-
1
1

1
/
1

\l
• v

[ ^

No. ol
Containers

3 - Ho^
( d#

d - t*'
I • <?<r;.<t>'

( • 5<r^tV
^. .̂nJ?
1 - -3.?

<^' (^
1 <^>o^,a
1 V TZ>^C
/ - -/c^

^ \

^ \

Received byt Date
(Signature)

Received byt Date
(Signature)

R e c e i v e d by : Da ta
(S igna tu re )

Tine

Tine

Time

Job No.

Sampling Site

l-IC 1

A* 10

S>t>,J,

D&ot-f
/YA >o ?

^ ,-.* «
X^iCt,

A )s, off
/-I fOO ?

/fCf
* _-_^

^^

^^

Field Personnel. (S ignature)

Remarks

t )C>fr

^ A X X . O ^ I ^ ' U ^
1 / /
t\Qff / /ri*^'

<rO' "
AU2.-k^ S

OOA • •
^e^.'o^' X ' C r ,

hv>AJ( / t&^t
(^t^J
/KQ 4/s
c >^^

v
V

f

Relinquished byt Date Tine Received byl Date Time
(Signature) (Signature)

R e l i n q u i s h e d by I Date Tine Received byt Dote Tine
(Signa ture) • (S igna ture ) 1

R e l i n q u i s h e d byt Date Tine Rece ived byt Date Tine
(S igna tu re ) (Signature)
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DAMES & MOORE CHAIN-OF-CUSTODY RECORD

Sample Source & Client f-&r d*
Project Tllle

Dale

•t
/

^

/'

/

/

tf

k^

.Time

1"c&
(&'<&

Z<2'3<^
/3- 39

//3k?

/
/

/
/

Sample
I.D. No.

/|t*j // O
<*16«-J /rO A.

/ltO/051

x^l 60 /d? 3

j't/l ^o> /O*/
y^- ci

^
\\ /
V^

Rel Inqulalied byi

R e l i n q u i s h e d b y i
( S i g n a t u r e )

Re 1 1 if |ulBltc>l byt
( S i g n a t u r e )

Date

Date

Date

Tla«

5"3D

Tiaa

Time

Sample
Type

C<J-fc<

/

/

I

.1

I

/^^

/

/

/

,

No. ol
Conlnluors

7
7
-)
-)
-)

^
V /

\ /\ /
\ /
Vx

necclved byi
(S igna tu re )

Received byi
(Signature)

(S igna ture )

Date

Date

Dnto

Time

Tine

Time

Job No. /^^yj -009.

Sampling She

\
\ /
A /
\ /

^~-^

•

Field Personnel. (Signature)

Remarks

Ooc'r S^T.- /2>^/ L^ A-+J-

\ ' ' '
•

/
I

( )AeL • •

' \
\

\ / \\ — '

9

flel liujul shed byi Date Tine Received byi Date Tine
(Signature) (Signature)

I t c l lnqu ia l i ed byi Date Tine received byi Date Time
(SlgiKiture) • (Signature)

Rel Iii'|ul olied byi Date Tine deceived byi Date Time
( S i g n a t u r e ) (S igna ture)
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DAMES & MOORE CHAIN-OF-CUSTODY RECORD

Sample Source & Client

Project Title

DaJo

±
'7

1
/
/

•

\V

.Time

ft 00

1
1

1

1

/

/

Sample
I.D. No.

MLJ/&9

r\/

\\
\
^-

Relinquished byl
•^{Signature)

l̂ /z/l [£- /Jx \̂.
Rel inquished byt

(Signature)

Re 1 1 ivpil elicd by:
(Signature)

Date

Date

Date

Time

Tine

Tina

Sample
Type

CO^tft,

/

/

/

/

/

No. ot
Containers

7

/ \

/ \

/

'

\

\
\

Received byi Date
(Signature)

Received byi Date
(Signature)

Iviicclvcd byi Date
(Signature)

Tlae

Tine

Time

Job No./^V3-c>ot

Sampling Site

" — ~^~~>

1
/

1

1

A

/
\ /
v^_^x

.

•

Rellnqulched byl
(Signature)

Rellnqitlahed byl
(Signature)

Rcl 1 nqiil olied byl
(Signature)

Data

Date

Date

Field Personnel. (Signature)

Remarks

OCC', S&H.'tit,!. XG>j

^ /

Kj0 \(~ *

/}\^ -42*1

C /!>*

.

"7 "

9

Tine Received byt Date Tine
(Signature)

Tine Received byi Date Tine
(Signature)

Tine Received byt Date Tine
(Signature)
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Somplo Source A CHenl f-gj^c/

Projocl Tlllo ^TccSn (TV 6^

Dolb

«/-/?
1-0

«

.

•

/c_

.Time

1/00
ll:ov

~ —

^^

i i«

Somplo
I.D. No.

MUJ /o^u.
MUJ /<o9 F
—

_____
^^~~^

*— —
—

Re 1 1 nqul sited byl
u — (Signature)

23V/?/ad
Hel 1 nqul ahed byl

(Signature)

Re 1 1 iv| ul elicil by 1
(S Ignature)

Date

Date

Date

Tine

Tina

Tina

Sn'mplo
Type

ĵf±i,

ccJrttv

ii =•—•——

^-— -^

—

No. of
Containers

/

1

M^H^M

___ '

^ —

Received byi
(Signature)

Received >yi
(Signature)

«
ft

K^cc lvcd byi
(Signature)

Date

Date

Date

Time

Tine

Time

Job No. /'T'*? «/3 ~ £icv£

Sampling Site

•

•

Re 1 Inqul olied byi
(Signature)

Kellnqulalied byi
(Signature)

Rcl 1 nqul olied byi
(Signature)

Date

Date

Date

Flold Personnel. (Signature)

Remarks

-&.' ' V? Vcf/d /ot/r^

/l/IrL^.',--

^

^^
' " . .

f

V

Time deceived byi Date Tine
(Signature)

Tine Received byl Date Tine
(Signature)

Tine Received byi Date Tine
(Signature)
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APPENDIX C
Laboratory Analytical Data



«*- •'
t-»UltCrUlt> IOI' t^l I W I f C J I I I I I L t l 11.441 »—«Jll t4i . lOI I, t l lUi.

I M.J. I Jl l/v LK.ILj I «• t_lill ll.ti I i. (;vv IvlLi - II .1 I t I , : >l I. .' OUT OF UTATM

' ' «L ' —1m ' ' J '
II I . I..II .JLI.J . . II I, . I

•O/t>4ti-Si1 UU • H A H - BOtS-aotf-

Dames ?< Moore
117O1 Borman Drivei Suite 340
Saint Louis. 110 63146

Attn: Dave Purington

Work ID: Environmental
P O » :

Gross Alpha
Gross Beta

Cesium-137

PotassHim-40

Radium-226

Radium-228

Thnrium-228

Thnriiim-230

Units
MW109U

04/17/90 11:00
<2

Date Received:
Date Reported:

Work Order:
Category:

O4/18/9O
05/09/90
90-O4-333

MW109F

04/17/90 11:00
<2

pCi/liter

pCi/liter

pCi/liter

pCi/liter

pCi/liter

pCi/liter

pCi/liter

pCi/liter

7+/-3

11.0 08
fc,J

1.5+/-1.0

Cl

CO. 6

CO. 6

C3

C2

• '"
CO. 6

Cl

CO. 6

CO. 6

DAMES ft MOORE

MAY H 1990
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Page 2 CEP, Inc. REPORT Work Order » 90-04-353
Received: 04/18/90 05/09/90 16:18:30 Continued From Above

Test MW109U MW109F
Units

04/17/90 11:00 04/17/90 11:00
Thnrium-232 CO 6 CO.6

p C i / l i t e r ^

IJraniuin-234 CO. 6 CO. 6
pCi/liter

Uranium-235 CO. 6 CO. 6
pCi / l i t e r

Uranium-238 CO. 6 <0.6
pCi/liter

Certified By:



Paje 1
Riccivcd:

REPORT
TO

04/13/90

DAFES &HDDRE

ITRSL Oat Rlfu REPORT
05/1B/90 19:17:24

Work Order I SQ-04-049

11701 BORHAN DRIVE
PREPARED IT/RADI" QCICAL SCIENCES LAB

BY 1530 BEAR CREEK ROAD
SUITE 340 OAK RIDGE, TN 37831
ST. LOUIS. HO 63146

ATTEM DAVID PURINCTON

CLIENT DAHE5 5T
COVANY DAfG fc TORE

FACILITY ST. LOUIS. HO

ATTENERS
PtPE 615-482-9707

SAJfLESJ.

XOTTIFIEDBY

CONTACT JIH DILLARD

AfCCED TO CORRECT UNITS AND RESULTS. IHSO AMD TH-230 AND

WORK ID UATER SAVLE
TH-T'S HERE ALSO ADDED TO CWLETE REPORT

TAKEN
TRANS
TYPE

P.O. 1
IWOICE under tttaratt cover

SAfTLE IDENTIFICATION
01 HAJ

TEST CODES and NAMES Died on this riport
CALPHA CROSS ALPHA
CBETA CROSS BETA
(S CAHtt SPEC
RA226.BA-22A
RA22S RA-22B
TH22S TH-22B
T>g30 TH-230
TK232 TH-232
U234 U-234
U235 U-235/236
U238 U-238

I • » • • * •

T. LUUlb, ailSSOURl



I
Paft 2
Rtctivri: 04/13/90

ITRSL Oak Ridff REPORT
Riiults h| SMI It

Hark OHir I 90-04-049

J
f
I
I
I
I
I
I
i
i
i
i

i

i

SMf>l£ ID HAT FRACTION OJA
Datt t TiitCa

TEST CODE «j _
lltcttrf 04/15798^

UNITS tCi/1
WIN 09/18/90

CAWA SPEC RESULT 2-SIOM OTtB

VESIFIED BY KDF

RESULT 2-SIGflA

K-40
CS-137

G.B4E+2
<ZOE+1

GROSS ALPHA 2.27E+1
CROSS BETA 4.92E+0
RA-226
RA-22S
U-234
U-233/236
U-23B
TH-230
TH-232

2.16E+0
C&.B8E+0
1.02E+1
<1.0E+0
8.65E+0
6.01E+1
<1.0E+0

0.36E+1
2.17E+0
0.&3E-K)

0.20E+1

l.BOE-K)
O.B7E+1



1
Received: 04/13/90

REPORT DAJE5 fc MOORE
TO 11701 BORHAN DRIVE

SUITE 340
ST. LOUIS, fD 6314&

ATTEN DAVID PWINCTON

ITRSL Oat Rldie REPORT
09/18/90 19:17:24

Work Order I SO-04-049

PREPARED IT/RAOl" "OICAL SCIENCES LAB
BY 1330 BEAR CREEK ROAD

DM RIDGE. TN 37831

ATTEN ERS
HOC 615-482-9707

CLIENT DMBST
CWANY DAMES t HDORE
FACILITY ST. LOUIS. HP

SAMPLES J.

XORTIFIED BY

CONTACT JW

VOH ID HATER SAHRE
TAKEN
TRANS

TYPE
p.a i

INVOICE undtr snarate cover

AfBBEP TO CORRECT UNITS AND RESULTS. IHSO AND TH-230 AND
TH-232 HERE ALSO ADDED TO COtfLETE REPORT.

SAffLE IDENTIFICATION
01 HAT

TEST COSES and NAMES used on this report
CALPHA CROSS ALPHA
CBETA CROSS BETA
cs
RA22A RA-226
RA229 RA-22B
TH52B TH-22B
TH230 TH-230
TH232 TH-Z32
U234 U-234
U235 U-235/236
\B38 U-238

T. LOUIS). MISSOURI



1

J

I
I
I

• •*

I
I
I

. . M

I
I

. ̂

1
I
I

Paic 2 ITRSL Oak Ridje REPORT tori Order 190-04-049
Riciivid: 04/13/90 Risolts bj

SAIPLE ID UAJ FRAaiON 01A TEST CODE «3 NAJC OAH1A SPEC
Dati k TifiTl«nicti< 04/l27W~ Caitforg

UNITS iCi/1 VERIFIED BY KDF
URTN 03/18/90

6AmA9>EC RESULT 2-SIGHA OTIQ RESULT 2-SIGHA

MO O.B4E+2 GROSS MPHA ZZ7EH 0.36E+1
CS-137 <2.0E+1 CROSS BETA 4.92E+0 2.17E+0

RA-224 Z 16E+0 0.63E-K)
RA-228 <A.88E+0
U-234 1.02E+1 0.20£*1
U-235/236 <1.0E^O
IH238 8.65E-K) l.BQE+0
TH-230 6.01E+1 O.B7E+1
TH-232 <1.0E+0



Pa|t 1
Rectivtd: 04/18/90

REPORT DAMES I MORE
TD 11701 BQRHAN DRIVE

SUITE 340
ST. LOUIS, HO 63146

ATTEN DAVID PURINCTDN

ITRSL Oak Ridgt REPORTRidg
03/18/90 13:27:40

Work Ordir 0 SO-04-OW

PREPARED IT/RADIQ nCICAL SCIENCES LAB.
BY 1550 BEAR CffPFK BOAP-

OAK RIDGEi TN 37631

CLIENT DA*SST_
COf AMY PAIES It HDORE

FACILITY ST. LOUIS. HO

SAJFLES]2

ATTEN ERS
PHONE 615-482-9707

INCLUDE U-ISO. TH-230 AM) TH-2

/CERTIFIED BY

CONTACT JIH DILLARD

UDRK ID MATER SAfflES
TAHEN
TRANS

TYPE
P.O. I

IN/DICE undtr teoaratt covtr

SAJf>LE IDENTIFICATION
01 >J1110U _

03W102U
04
05 HM1Q8U
06HM1Q8F
07 HU103U
Q8W103F
09 HM1Q4U
10 HH1Q4F
11 tUlOlF
12 HH101U

TEST CODES and NMES und on this riport
CALPHA CROSS ALPHA
CBETA CROSS BETA
CS CAHHA SPEC
RA22A RA-22&
RA228 BA-229
TH228 TH-2SS
T>g30 TH-230
TH232 TH-232
U234 U-234
U235 U-235/236
U238 U-238



Reciivri: 04/18/90

SAMPLE IDHM110U

ITRSL Oik RU|» REPORT
Rtiults M Sttf It

FRACTIW 01A TEST CODE «5
Bit* I Ti«CollKt»i

Hork OHtt I SO-04-063

MAMECAmA SPEC

UNITS iCi/1
WTN 03/18/90

GMtMSPEC RESULT 2-5ICHA OTHER

VERIFIED BY RDJ

CJttQorn

RESULT 2-SIGHA

MO <1.0E+2
CS-137 CZ.OE+1

CROSS ALHPA
CROSS BETA
RA-226
RA-228
U-234
V-23S/Z3&
U-238
TH-230
TH-232

<1.0E+0.
<4.0E*0
aoE*c
G.OE-K)
<i.OE-K)
a.oe+o
<1.0E+0
<1.0E+0
a.oe+o

SAJfLE ID HU110F FRACTION 02A TEST CODE CS NAHE CAfttt SPEC
Datt I TiS~ColIictt< 04/17790"" Cattiora m

UNITS oCi/1
URTN 05/18/90

VERIFIED BY RDJ

6AHNASPEC RESULT 2-SICHA OTHER

H-40
CS-137

<1.9E+2
<LOE+1

CROSS ALPHA
CROSS BETA
RA-22&
RA-228
0-23*
U-235/236
U-238
TH-230
TH-232

RESULT 2-5IGHA

O.OE+O
<4.0E+0
a.oe+o
O.OE+0
O.OE40
O.QE+0
<1.0E+0
c.OE+o
<1.0E+0



- •

1

I

1

I

I

I

I

I

I

I
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I

I
I
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Page 3
Rtceivtd: 04/18/90

SAMPLE

ITRSL Oik RU|»
Riiolts k|

Work Order I SO-M-465

FRACTION 03A TEST CODE CS
toti & TiitColltcttd

UNITS id/1
mm OS/IB/TO

CAH1ASPEC RESULT 2-SICHA OD€R

VOIFIED BY RDJ

K-40
CS-137

<1.4E+2
GROSS BETA
RA-226
RA-22S
U-234
V-235/236
U-238
TH-230
TH-232

RESULT 2-5ICHA

5.4AE+0

0.39E-K)

0.38E+0

7.09E+0
O.OE40
a.oe+o
1.42E40
<1.0EXJ
1.30E+0
O.OE+0
C.OE+0

SAffLE ID MM102F FRACHON04A TEST CODE K
Date i TiiTColl«cti< Q4/1779C""

wm SPEC

UNITS oCi/1
WTN 05/18/90

6A(f1A SPEC RESULT 2-SICItt OTHER

VERIFIED BY ROJ

RESULT 2-5IGHA

NA

R-40
CS-137

<1.0E+2
<2.C€+1

CROSS ALPHA <2.26E-K)
GROSS BETA <B.43E40
RA-22&
RA-22S
U-234
U-Z35/Z36
U-238
TH-230
TH-232

<1.0E+0
a. OE+O
Z43E+0 0.37E-K)
O.OE-K)
1.57E+0 0.45E-K)
<1.0E+0
a OE+O



r

I

Page 4
Riccivetf: 04/18/90

SAH»LE IB W10SJ

ITRSL Oak Ridft REPORT
Rtsultt || BMplt

Work Ordir I SO-04-OW

FRACTION 05A TEST CODE CS NATE CAMA SPEC
Oatt I TilTCollictirf 04/17790̂

UNITS iCi/1
URTN 05/18/90

VERIFID BY RDJ

CAWASPEC RESULT 2-SIGHA OTTO RESULT 2-SICHA

R-40
CS-137

<1.9E+2
C2.0EM

CROSS ALPHA <7.50£+0
CROSS BETA O.03E+1
RA-22A a.oe+o
RA-22B G.OE+0
U-234 2.20E40
IK23S/236 <1. OE-K)
U-238 1.67E-K)
TH-230 1.57E+0
TH-222 <1.0E40

0.47E-K)

0.40E40
0.61E-K)

SWfLE IDHM108F FFAaiON 06A TEST CODE CS NAflE WtU SPEC
Datt I TiK~Collectid 04/177W~ Catejor^ltt,

UNITS iCi/1
HRTN OS/18/90

VERIFIED BY RDJ

CAWA SPEC RESULT 2-SIGHA ODCR RESULT 2-SICHA

K-40
CS-137

1.5E+2 GROSS ALPHA <1.06E+1
6ROSS BETA <B.36E+0
RA-226 a.oe+o
RA-22B a.oe+o
U-234 3.57E+0
U-239/23& <1.0E+0
U-238 2.93E+0
TH-230 a.oe+o
TH-232 aoe+c

0.62E-H)

0.94E-H)



IPaji S
RKiivtd: 04/18/90

SMFLE IDHMKBU

ITRSL Oak Rii§e REPORT
Riiulti k| Saaile

FRACTIW OTA
Dati k ~

TEST CODE CS
04/177W~

Work OHir I 50-04-065

SPEC
Catijorg

I

I

UNITS iCi/1
WTN 05/18/90

VERIFIED BY RDJ

GAmASPEC RESULT 2-SICtt ODER RESULT 2-SIGHA

K-40
CS-137

<1.5E+2
<2.0E+1

GROSS ALPHA 1.72E+1 0.96E+1
CROSS BETA 2.34E+1 1.01E+1
RA-226 <1.0E-K)
RA-228 G.OE-K)
0-234 1.26E^1 0.19E+1
0-235/236 a.OE-K)
0-238 1.23E+1 0.19E+1
TH-230 1.22E+0 0.52E40
TH-232 <1. OE*0

SAfflf ID HU103F OBA TEST CODE CS MAC CAmA SPEC
Date t TiSlIollictil 04/1779D"" Category NA_

UNITS oCi/1
URTN 05/18/90

VERIFIED BY RDJ

GAWA SPEC RESULT 2-SI6M OTTO RESULT 2-SICHA

K-40
CS-137

1.8E+2 CROSS ALPHA <7.00E+0
GROSS BETA <1.34E+1
RA-226
RA-228
U-234
U-235/236
U-238
TH-230
TH-232

<1.0E-K)
aoE+o
3.10E-K)
a.OE+0
3.55E-K)
1.57E+0

0.83E+0

0.66E+0
0.45E-K)



m

I

I

I

I

Page 6
Recfivtd: M/18/90

SAHPLE

ITRSL Oak RUfC
Rr«llt I

FRACTION 09A TEST CODE
Diti I TiBTCoilictrt 04/1

REPORT Work Order I SO-04-063

IMC CAHHA SPEC

WITS id/1
WTN 09/18/90

CAWASPEC RESULT 2-5ICNA OTHER

VERIFIED BY RDJ

RESULT 2-SICW

K-40
CS-I37

C1.4E+2
<2.0E+1

CROSS ALPHA
CROSS BETA
RA-22A
RA-22B
U-234
U-233/236
U-238
TH-230
TH-232

1. 14E+1
1.B7E+1
<1.0E+0
aoE+o
3.80E-K)
O.OE+0
2.68EM)
2.00E-K)
1.47E-K)

0.74E+1
0.74E+1

0.73E+0

0.39E+0
0.&5E40
0.5SE-K)

FRACTIW IDA TEST CODE CS NAIC CAmA SPEC
Datt It Tiw^ollictid 04/177W~

UNITS oCi/1
WTN OS/18/90

VERIFIED BY RDJ

CAmASPEC RESULT 2-SIGM OTtO RESULT 2-SICM

K-40
CS-137

1.04E+2
C2.0E+1

GROSS ALPHA
CROSS BETA
RA-22A
RA-228
U-234
U-23S/236
U-238
TH-230
TH-232

<1.0E-K)
aoE+o
1.96E+0
a.oe+o
1.10E+0
<1.0E*0
<1.0E+0

0.48E-K)

0.35E+0



Page?
Rtctived: 04/18/90

SArPLE ID W101F

ITRSL Oak Ritfji REPORT
Risults kj Saifli

Work Order I SO-04-Oti

FRACTION 11A TEST CODE CS HArE CAtttA SPEC
Dati It Tin Colltcttd 04/17/90 Cattiara NA

UNITS pCi/1
WTO OS/18/90

GMffM SPEC RESULT

K-40 <1.6E+2
CS-137 C2.QE+1

2-SICHA OTtO

CROSS ALPt*
CROSS BETA
RA-22&
RA-22S
U-234
U-235/236
U-238
TH-230
Ttf-232

VERIFIED BY RDJ

t

RESULT 2-SIGHA

<7.7E+0
9.32E+0 6.27E+0
<1.0E+0
aoE^o
1.2i£+0 0.31E-K)
<1.0E*0
<1.0E-K)
O.OE+0
a.OE+0

SWLE ID HMIOIU FRACTION 12A TEST CODE CS NAJC gAWA SPEC
Date I TiiTCollietid 04/l77W~

WITS pCi/1
URTN OS/18/90

VERIFIED BY RDJ

CAW. SPEC RESULT 2-5ICM ODER RESULT 2-SICflA

R-40
CS-137

<1.3E+2 CROSS <1.0E+1
CROSS BETA 2.41E+1 0. B4E+1
RA-226
RA-228
U-234
U-235/236
U-23B
TH-230
TH-232

O.OE+0
a.oe+o
9.06E+0
1.37E+0

1.02E+0
<1.0E40

1.75E-K)
0.58E-K)
1.69E+0
0.3iE+0



I
page 1
Receivid: 04/17/90

ITRSL Oak Rldi» REPORT
05718790 16:11:46

Work Ordir » SO-04-064

REPORT DAMES * MORE
TO 11701 BORHAN DRIVE

PREPARED IT/RADIOLOGICAL SCIENCES LAB.
BY 1550 BEAR CREEK ROAD

SUITE 340 OAK RIDCt TN 37B31
ST. LOUIS, NO A3146

ATTEN DAVID PURINCTON ATTEN ERS
PHDC 615-482-9707

CLIENT DAJgSST
COMPANY DAMES * HODRE
FACILITY ST. LOUIS, HO

SAMPLES _6

/OTTIFIED BY

CONTACT JIOILLARD

WORK ID HATER SAMPLES
TAKEN
TRANS

TYPE
P.O. t

INVOICE under separate cover

SAMPLE IDENTIFICATION
01*1050

.-. 02 MU105F
03 HH106U
04 MM106F
05 MM107U
06 HU107F

AMENDED TO INCLUDE U-I50. TH-230 AND TH-232 ON ALL FRACTIONS
AND TO CORRECT CROSS ALPHA AND CROSS BETA RESULTS FOR 05A.

TEST CODES and NAMES used on this nport
CALPHA CROSS ALPHA
CBETA CROSS BETA

CAWA SPECes
RA226 RA-226
RA228 RA-228
TH228 TH-22S
TtC30 TH-230
1H222
U234 U-234
U235 U-235/236
U238 U-238



I
I
1
J
J
1
J
J
1
;1
1
I
1
i
i
i
i
1
1

Page 2
Received: 04/17/90

SAWLE ID HH105U

ITRSL Oak Ridge REPORT
Results b| Saaile

Wort Order t SO-04HJM

FRACTION 01A TEST CODE
Date & TiM~Collectri 04/1

NAME

UNITS BCi/1
WTO 05/18/90

MWASPEC RESULT 2-5I01A OTOR

VERIFIED BY KDF

CalejorjM.

RESULT 2-5ICHA

K-40
CS-1J7

1.4S+2
GLOE+1

0.74E+2 CROSS ALPHA
CROSS BETA
RA-226
RA-228
U-234
U-239/23&
U-Z38
TH-230
TH-232

1.69E+1
1.4S&1
<1.0£+0
QOE+0
a.OE+0
<1.0E-K)
<1.0E-K)
<1.0E+0
<1.0E-H}

0.83E-+1

SAffl£ 10 W105F FRACTION 02A TEST CODE £S WHL CAffIA SPEC
Date I TiiTtollected 04/l57W~ Citsgorg NA_

UNITS oCi/
URTN 05/18/90

CAWA SPEC RESULT 2-5ICHA ODER

VERIFIED BY KDF

K-40
CS-137

<1.4£+2
a Ce+1

CROSS ALPHA <
GROSS BETA 7.32E+0
RA-22&
RA-228
U-234
U-233/23A
U-238
TH-230
TH-232

RESULT 2-SIGflA

9.64E+0

1.33E+0 0.23E+0

O.OE+0

<1.0E+0
aoE+o



j
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I
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Page 3
Received: 04/17/90

SVFLE

ITRSL Oak Ridge REPORT
Rnults bij

FRACTION 03A TEST CODE K
Date t TiiTCollected 04/lE7W~

Uork Order 0 SQ-04-OM

NAME CAH1A SPEC

UNITS pCi/
WIN 03/18/90

\OIFIEDBYKDF

Categorg

SPEC RESULT 2-SICHA OTHER RESULT 2-SICHA

K-40
CS-137

2.B3E+2 1.14E+2 GROSS ALPHA
<2.0EM GROSS BETA

RA-226
RA-22B
U-234
U-233/23&
U-238
TH-230
TH-232

1.01E+2
2.95E+1
1.41E+0
O.OE+0
2.1BE+0
O.OE-K)
L37E+0
4.45E+C
&.12E-K)

0.23E+2
1.22E+1
0.29E-K)

0.49E-K)

0.3BE-K)
1.16E-K)
1.45E-KJ

SAWLE IDHUlMf FRACTION 04A TEST CODE 6S
Date & TiiTCollected

NMC SAmA SPEC

UNITS pCi/1
WTN 05/18/90

CAWASPEC RESULT 2-SICHA OTKR

VERIFIED BY RDF

Categorg NT

K-40
CS-137

<1.4E+2
<2.C€+1

CROSS ALPW
GROSS BETA
RA-226
RA-228
U-234
U-Z33/236
U-238
TH-230
TH-Z32

RESULT 2-SIGftt

<1.02E+1

L05E+0 0.2S+0

0.63E-H)

0.49E+0

181E+0
C.OE+0
2.WE+0
C.OE40
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Page 4 ITRSL Oak Ridge REPORT Work Order I SO-04-064
Received: 04/17/90 Results kj

SAMPLE ID HM107U _ FRACTION 03A TEST CODE 8 _ NAME CAfflA SPEC
Date fc TiiTColIected ( M / l S T K T C a t i g o r g NA

UNITS oCi/1 VERIFIED BY KDF
URTN 03/18/90

GAMMA SPEC RESULT 2-SIGHA OTiQ RESULT 2-SICttA

R-40 C.8E+2
CS-137 <2.0E+1

CROSS ALPHA 2.3SE+1
ROSS BETA 1.77E-H
RA-226 <1. Oe+0
RA-22S G. OE+0
U-234 0. OE+0
U-ZS/236 C.OE-K)
U-238 <1. OE-K)
W-230 O.OE+0
TH-232 a OE+0

1. 14E+1
1. 10E+1

S«f LE ID HJIOTF FRACTION OAA TEST CODE CS NAJC CtftM SPEC
Dati I TiiTtollected 04/lE7?;r" Catigorij

WITS eCi/1 VERIFIED BY KDF
NRTN 03/18/90

CAWASPEC RESULT 2-SICHA OTTO RESULT 2-SICfW

R-40
CS-137

RA-226 <1. OE+0
RA-22S O, OE+0

0.39E+0

0.34E+0

<l.BE+2
aoE+i

CROSS ALPHA
CROSS BETA
RA-226
RA-22B
U-234
U-233/23A
U-238
TH-230
TH-232

C.01E+1
<9.26E+0
<1.0E+0
a OE+O
L59E+0
C.OE+0
1.24E+0
a. OE+O
a.oe+o



1II
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I
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Received: 04/13/90

REPORT IW€S & rPOSE

ITQRL OAK RIDCE REPORT
05/31/90 15:57:35

Mori Order I 50-05-179
Work Not Complete

TO 11701 BORHAN DRIVE
SUITE 340

PREPARED IT/RADIOLOCICAL SCIENCES LAB.
BY 1550 BEAR CREEK ROAD

OAK RIDCE, TN 37831
ST. LOUIS. HO &3146

ATTEN DAVID PURINCTON ATTENDS
x^HTIFIED BY

*r
PHONE 615-4B2-9707

CLIENT DAMES ST
COMPANY DtfgS It HOQRE

SWLES 3
CONTACT JIH DILLARD

FACILITY ST. LOUIS. HO
• SAMPLES Bl-A AND B2-A MILL BE REPORTED AT A LATER DATE.

UQRK ID SOIL SAffLES
TAKEN
TRANS
TYPE

P. 0. I
IWOICE under separate cover

SAffLE IDENTIFICATION
01 B2-*
02 54
03 Bl-A

TEST CODES and NAIES used on this report
CALPHA CROSS ALPHA
CBETA CROSS BETA
RA22A RA-226
RA22B RA-22B
SPEC SPECIAL FTO1 FOR REPORTING
TH228 TH-228
TH230 TH-230
TH232 TH-232

I

I

I

I

I

DAMES i MOOR£

JUN 0-1 199°

ST. LOUIS. MiSSOURJ



J
Page 2
Received. 04/13/90

SAMPLE D) B2-A

ITORL OAK RIDCE
Results k|

REPORT

FRACTION OlA TEST CODE SPEC
Date t TiMColltcted Q4/l27W^

Work Order I 50-05-179

NAME SPECIAL FORM FOR REPORTINC
tateaori HA

PARAMETER RESULT 2-SICHA ERROR UNITS

CROSS ALPHA 4.1CE+3 0.83E+3 iCi/i
CROSS BETA t27E+2 1.29E+2 iCi/g
RA-22A &93E>1 0.47E+1 eCi/g
RA-228 a.16E+0 pCi/g
TH-ISO *

SArTL£ ID 54 FRACTION 02A
Date I TiiTC;

TEST CODE SPEC WE SPECIAL FORfl FOR REPORTINC
ollected 04/12/w uttiora NA

I
i

I
.«•

I

PARArETER RESULT 2-SICMA ERROR UNITS

CROSS AiPrM 1.93E+1 O.BAE+1 pCi/j



Pa|i 3 ITDRL OAK RIDGE REPORT Uerk Ordir I SO-05-179
Rtctivfd: 04/13/90 Ritults k) S**lf

SWLE ID Bl-A FRACTION 03A TEST CODE SPEC MIC SPECIAL FttH RF REPtFTINC
_ Oati I TiS^olliettd 04/12790^ Uttiori m

PMMCTER RESULT 2-SICMA ERROR UNITS

CROSS MJ>HA 1.14E+3 0.24E+3 pCi/j
CROSS BETA 2.50E+2 0.53E+2 pCi/g
TH-ISO t



Page 1
Received: 04/17/90

REPORT DATES t TORE

ITORL OAK RIDCE REPORT
03/31/90 13:36:12

TO 11701 BORHAM DRIVE
SUITE 340
ST. LOUIS. HO 63146

ATTEH DAVTD PURINCTOH

Uork Order I 50-05-180

PREPARED IT/RAOiniPCICAL SCIENCES LAB.
BY 1530 BEAR CREEK ROAD

CLIENT DAtGST
COPANY WES fc TORE
PAHLITY ST. LOUIS. HP

SAIfLES J.

OAR RIME, TH 37831

ATTEHERS
PHDNE 61S-482-9707

/CERTIFIED BY

"" CONTACT JIM OILLARD

WORK ID MATES SAffLE
TAKEN
TRANS
TYPE

P.O. I
INVOICE undtr uparatt cover

BATTLE IDENTIFICATION
01 m 10MJ

TEST CODES and NATES Died on this report
CALPHA CROSS ALPHA
SPEC SPECIAL POSH FOR REPORTINC



I
Put 2

04/17/90

m low

ITCRL OAK RIDCE REPORT Uork Order I SO-05-180
Results k| SMile

FRACTION 01A TEST CODE SPEC IMC SPECIAL FORM FW REPWTINC
Dati & TIM C011KU4 04/lA;W .. Litiforf NA

PMMETER RESULT 2-SICHA ERROR UNITS

GROSS ALPHA 107E+2 1.33E+2 pCi/1



TCT - St. Louis formerly Envlrodyne Engineers. Inc.

Consulting Engineers. Scientists and Analytical Services

1908 Innerbelt Business Center Drive
SL Louis, Missouri 63114-5700

Fax
(314) 426-0880
(314) 426-4212

REPORT OF ANALYSIS

CLIENT:

PROJ. 1:

Mr. Cave Purington
Daae> I Moore
11960 Weatline Ind.
Suite 155
St. Louia, MO 63146

3500-00385

PARAMETER UNITS

ANTIMONY

ARSENIC

(UG/L)
(UG/L)

BERYLLIUM (UG/L)

CADMIUM
CHROMIUM
COPPER

LEAD

MERCURY
HICKEL

SILVER
SELENIUM
THALLIUM

ZINC

PARAMETER

CYANIDE

(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)
(UG/L)

UNITS

(DG/L)

Drive

MW109

< 24
3.1

< 3
< 3
< 10
< 14
< 73
0.48

< 15
1.1
1.3

<1.0

< 16

MW109

< 5

REPORT DATS t May 10, 1990
SAMPLE ANALYZED i One water aaople analyzed

for the parameters
listed below.

r

DATE RECEIVED t April 18, 1990
P.O. It

MW109

DUPLICATE

< 24

2.5

< 3
< 3
< 10
< 14
< 73 •

-
< 15
*ci • 0
*ci • 0
*^1 • 0

< 16

BOTEi See reverse side for 'STANDARD CLAUSES.'

APPROVIDl

disk 87/tbg Lisa A. /Xeehy, Prograa Coordinator

Twin City Testing Corporation

m« [HIHl

DAMES & MOORE

MAY i-i 192Q

ST. LOUIS. MISSOURI
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1

1
i

Page 2

CLXBNT: Mr. Davtt Purington

Dana* t Moor*

PROJ. II 3500-00385

REPORT OF AKALYSIS

REPORT DATS:

DAXB RECEIVEDI

P.O. It

May 10, 1990
April 18, 1990

i
i
I
i

—^M

i
•i"

i

i
i

^ PARAMETER

LZHDAME

HEPTACHLOR .

HEPTACHLOR EPOXIDB

KNDOSULFAN I

DZZLBRZM

ENCOSDLFAN IX

4,4'-DDT

2HDRZN ALDEHYDE
METHOXTCHLOR
alpha-BHC
beta-BUC

delta-BHC
gaaaka-CHLORDANB
alpha-CHLORDAKE
4,4 ' -DOE

KHDRIH
4,4'-DDD
EtnX>SOL7AM SULTATZ
EHDRIH KSTOHB
AROCLOR-1016

AROCLOR-1260

AROCLOR-1221
AROCXOR-1232
AROCZOR-1242
AROCLOR-1254

AfCOCLOR-1243
ALORIN

TOXAPHBNB

PARAMETER

2,4-D

szzvzz

DKTBCTIOM

UHITS LIMITS BLAMX

MW109

MH109 DOPLICAZB

(OC/L)

(UG/X.)

(DG/L)

(DC/L)

(UC/L)

(DG/L)

(DG/L)

(UG/L)

(OG/t)

(OC/l)

(TJG/L)

(CG/L)

(DG/L)

(DG/L)

(DG/L)

(OG/L)

(DG/L)

(OG/L)

(OG/L)

(DG/L)

(OG/L)

(DG/L)

(UG/L)

(OG/L)

(OG/L)

(UG/L)

(DG/L)

(DG/L)

DBTBCTIOH

DHITS LIMITS

(DG/L) 0.745

(OG/L) 0.197

0.002

Q.003

0.004

0.005

0.006

0.010

0.015

0.024

0.063

0.002

0.005

0.001

0.003

0.003

0.006

0.016

0.011

0.022

0.019
0.047

0.187

0.107
0.083

0.044

0.054

O.C94

0.003

0.205

BLAHK

<0.74S

<0.197

<0.002

<0.003

<0.004

<O.OOS

<0.006

•C0.010

<0.015

<0.024

<0.063

<0.002

<0.005

<0.001

<0.003

<0.003

<0.006

<0.016

<0.011

<0.022

<0.019

<0.047

<0.187

<0.107

<0.083
<0.044

<O.OS4

<0.094

<0.003

<0.205

HW109

tO. 745

<0.197

<0.002

<0.003

<0.004

<O.OOS

<0.006

<0.010

<0.01S

<0.024

<0.063

•C0.002

<O.OOS

<o.ooi
<0.003

<0.003

<0.006

<0.016

<0.011

<0.022

<0.019

<0.047

<0.187

<0.107

<0.083
<0.044

<O.OS4

<0.034

<0.003

<0.205

MW109

DOPLICATS

<0.745

O.197

<0.002

<0.003

<0.004

•CO.OOS

<0.006

<0.010

<0.01S

<0.024

<0.063

<0.002

<0.005

<0.001

•CO. 003
<0.003

<0.006

f 0.016

<0.011

<0. 022

<0.019

tO. 047

tO. 187

tO. 107

<0. 083
tO. 044

tO. 054

<0. 094
tO. 003

tO. 205



Page 3 REPORT Or ANALYSIS

CLIENT: Mr. Dare Purington

Damea t Mooro

PROJ. »i 3500-00385

REPORT DATE:

DATE RECEIVED«

P.O. *l

Hay 10, 1990

April 18, 1990

1
J
J
i
1
1

ii
i
n

DETECTION

LZHIT

VOLATILE COMPOUNDS (DG/L)

ACROLSIH 100

ACRYLONITRILB 100

BEHZEME 5

BROHODICHXOROKETHANB 5

BROHOFORM 5

BROMOMETBANE 10

CARBON TETRACHLORIDB 5

CHLOROBEHZENB S

CHLOROBTHANE 10

2-CHLOROETHYL VIHTL ETHER S

CHLOROFORM 5

CHLOROMETHANB 10

DIBROMOCHLOROKETnANE S

1,1-DICBLORETHANE 5

1,2-DICKLOROETUANE 5

1,1-DICHLOROETUEKE S

TOTAL 1,2-DICHLOROETHEKE 5

1,2-OICULOROPROPANE 5

CXS-1,3-DICHLOROPROPEHE 5

ETHTL BENZENE S

METB7LENE CHLORIDE 5

1,1,2,2-TETRACHLOROETHANB 5

TZTRACKLOROSTUTLENE 5

TOLUENE 5

1,1,1-TRICHLOROETHANE S

1,1,2-TRZCRLOROSTHANE S

TRICKLOROETEENB 5

TZHTL CHLORIDE 10

SURROGATE COMPOUNDS

1,2-DICHLOROBTHANE-D4

TOLUEKB-D8

P-BFB

ND

HD

ND

ND

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

HD

ND

RD

RCVRY

94

101
98

RD

RD

RD

HD

RD

RD

RD

RD

RD

RD

RD

RD

RD

6

RD

HD

HD

RD

HD

RD

RD

RD

RD

RD

RD

RD

RD

RD



Page 4 MPORT Of AHALTSIS

J
J
1̂̂
1
J
1
I
i
t»_

I
_«—

I

I
^M

I

I

I
^

rr.TFHTi Mr. Dave Purlngtoa

Domes t Moore

PROJ. It 3SOO-0038S

ACID COMPOUNDS

2-OXLOROPHENOL

2 , 4-DICHLOROPHZNOL

2 , 4-DIMKTHTLPHRNOL

2 , 4-DIHITROPHENOL

2-HITROPHEMOL

4-HITROPHEHOL

PZHTACHLOROPHZNOL

PHBHOL

2,4, S-TRICHLOROPHBHOL

2-KBTHTL-4 , 6-DINITROPHENOL

4-CHLORO- 3-METEYLPHEMOL

SURROGATE COMPOUNDS

2-7LOOROPHEHOL

PBENOL-d6

2,4, 6-TRIBROMOPHEMOL

•Below QC liaito

BASE KEUTRAI.

COMPOUNDS

AC2HAPBTHEN2

AGZHAPBIBTLENS

AHTHRAC2HB '

B2KZXDXHB

BEHZ (A)ANTHRACEHB

BKMZO ( B , X ) raOOHAHTHENB

B2HZO ( GHZ ) PBRIXEHB

BEHZO(A)PTRBNB

BIS { 2— -CHLOROKTHOXT ) KBTHAHB

BIS(2-CHLOROBTHTI,)BTHSR

BIS ( 2-CHXOR01SOPROPTL) ETHER

BIS { 2-BTHTLHBXTL) PHTHAIATS

HBPOKt DAZBt May 10, 1990

DAXK RZCZZVKDt April 18, 1990

P.O. tl

DETECTION

LIMIT

(UG/L)

10

10

10

SO

10

50

50

10

10
so
10

DETECTION

LIMIT

(UG/L)

10

10

10

50

10

10

10

10
10
10

10

10

BLAHX

(DG/L)

HD

RD

ND

ND

ND

ND

ND

ND

ND

ND

ND

t

RCVRY

48

34

68

BLANK

(DG/t)

RD

RD

HD

RD

HD

HD

HD

HD

HD

ND

ND

< DL

KH109

(DG/L)

HD

ND

HD

HD

ND

ND

ND

HD

ND

ND

NO-

%

RCVRT

4»

2»

7«

MW109

(DG/L)

RD

HD
ND

HD

HD

ND

HD

HD

HD

HD

HD

ND

NW109

DUP

(UG/L)

HD

ND

RD

HD

HD

HD

HD

HD

HD

HD

HD

%

RCVRr

2«
!•

2-

MM109

OOP

(UG/L)

RD

HD

HD

RD

HD
HD

HD

HD

HD

HD

HD

14



I
I
I

J
J

J
I
J
I

Page 5 REPORT OP ANALYSIS

CLZZNTi Mr. Dave Purington

DUMB £ Moore

PROJ. ll 3SOO-00385

REPORT DATES Ma? 10, 1990

DATE RECEIVED 1 April 18, 1990

P.O. *i

DETECTION

BASS NEUTRAL COMPOUNDS

COHTD.

4-BROMOPHEHYL PHEHYL ETHER

BUTYL BEtlZYL PHTHALATZ

2-CHLORONAPHTHALZNE

4-CHLOROPHENTL PHEHYL ETHER

CHRYSENB

DIBEHZO ( A , H ) ANTHRACENE

DI-H-BUTYL PHTHALATB

1 , 2-DICHLOROBENZENB

1 , 3-DICHLOROBENZENE

1 , 4-DICHLOROBEHZENB

3,3' -DICHLOROBENZIDINB

DIZTHYL PHTHALATB

DIMETHYL PHTHALATS

2 , 4-DINITROTOLUENS

2 , 6-DIHITROTOLUENE

DI-H-OCTYL PHTHALATB

1 , 2-DIPHEKYLHYDRAZINE

DI-H-PROPYLNITROSAMINE

PLUORAHTHENB

PLnORENB

HEXACHLOROBENZENB

HBXACHLOROBUTADIEHE

HEZACHLOROCYCLOPENTADIENB

HEXACHLOROBTHANE

ZNDENO (1,2, 3-CD ) PTRENB

ISOPBORONB

HAPHTHALENE

NITROBENZENE

H-HITROSODIHETHTLAHIHB

N-HITROSODIPKENYLAMINB

PHEKAHTHRENE

PYRZHE

1,2, 4-TRICHLOROBEHZEN8

SDRROGATB COMPOUNDS

HITROBENZ2KB-d5

2-PLOOROBIPHBNYL

TERPHEHYI/-dl4

LIMIT

(UG/L)

10

10

10

10

10

10
10
10
10
10
20
10
10
10
10
10

10
10
10
10

10
10

10
10

10

10
10
10
10
10
10
10
10

BLANK

(UG/L)

ND
HD

ND

ND

ND

ND

ND

ND

HD

HD

ND

HD

HD

ND

HD

ND

ND

ND

ND

ND

HD

HD

ND

ND

ND

ND

ND

ND

HD

HD

HD

HD

HD

RCVRY

79

62

79

MW109

(DG/L)

ND

ND

ND

ND .

ND

ND

ND

ND

ND

ND

ND

ND.

ND

ND

ND

ND

RD

HD

HD

HD

ND

ND

ND

HD

ND

ND

ND

ND

ND

ND

ND

ND

ND

RCVRY

57

48
63

MW109 ,

DUP
(UG/L)

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

RD

ND

ND

ND

ND

HD

ND

RCVRY

81

71
84
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Dames & Ho or a
11701 Herman Drive, Su i t e 340
Saint Louis, HO 6314<L

A L t n : Dave Pur ington

l/ork ID: EnviTonrnental
I'- O 0 : J 994 3-002

e R e p o r t e d :
U u r k Order :

C o t e y o r tj:

04/16/90
Of>/It/90
9O-O1-263

Cer t i I i fed

WMES4MOOR*

tiriiiriMUtitrlinn witfi nuni-Miif1 wit tu nil '.|in i.il|ir-i tm'.'.nm in
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P.O. fclCJX tjLJS I * SLJMI.CJ He. Mow 1 1 /! OUT OF STATE BOO / b4 ti-«2 1 tit* • FAX-

Page 2
Received: 04/16/90

bAlfH ID 131A

CEP, Inc. REPORT
Results by Sample

Work Order ft 90-04-2*3

FRACTION 01A 1EBT CODE AB_S_ NAME GrgssJlMi/Beta
Date & lime Collected 04/12/90 Category SOIL

Type op Anal ijs i e

Gross Alpha

Gross Ho La

L'etec t i on
Limit (jC J /g

O 3

O. 1

RESULT

'M. -!. O

21. 2+/-0. A

All results reported in:

UNITS pC i

SAMPLE 11) B1A FRACTION 01A TEST CODE CS1375 NAME CesiuiH37
Date *> Tune Collected 04/12/90 Category SOIL

Type of Analysis

Cesium-137

Detection Li ID it
pC i/gram

O. 1

RESULT

O. 13 + /-O. O6

All results reporteiJ in.

UNITS pCi/qram

r ^̂ ^̂.- !



H.LJ. LJU A !_>̂ -J'_> I • tDUl 11-0 l"Ki. I ̂

Page 3
Received: 04/16/90

SAMPLE JD eiA

CEP, Inc. REPORT
Results tiy Sample

Work Order It 90-04-263

FRACTION 01A TEST CODE ISDUJj NAME Isotopic Uranium
Date & lime Collected 04/12/90 Category SOIL.

Type of Analysis

Uranium-234
Uraniu<n-23b
Uranium-238

SAMPLE ID B1A

Detection
Limit pC i

O. Oti
O. O5
O. O5

All results report in.

UNITS pC i/avain

RESULT

4. 2 + /-0 5
0. J3 + /-0. 3
1. 6+/-0. 3

FRACTION Q1_A TEST CODE M0_5 NAME Potas5lUfll-4Q
Date ?( Tune Collected 04/12/VO Category SOIL

Type of Analysis RESULT

Potass i um-4O 1 1 . 1-+/-1

All results reported in:

UNITS C-i/r.;!"



. P.O. LJLJX iiCJLj I « Hdl cl.u 1-fcj. Isluw MI:AII :n I I / : <i It : uu I ui- t»l MIU «_^~^ ^-. . _. ..

Page 4 CEP, Inc. REPORT Work Order It 90-04-263
Received: 04/16/90 Results by Sample

SAMPLE ID B1A FRACTION 01A TEST CODE R2628S NAME Radiuni-226/228
Date ft Tine Collected 04/12/90 Category SOIL

Type of Analysis Detection RESULT
Limit p C i / <j

Radium-226 0. L 41. 4 + /-0. 4

Radium-228 O 1 <Q. J

All results report in:

UN ITS P_C.L£flJ;a«R

SAMPLE ID B1A FRACTION 01A TEST CODE TH2305 NAME Thorium-230
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT
pC i/gram

Thorium-23O O OS <O. 5

All results reported in.

UNITS pCi/qrjni

r-« /



. H.O. ULJX taCJti I » taui ii.ci l-u. Muw MU..I. :n LI/:.ii •;..' our or? STATIC UQO/1>^»tj-£J1 t»t« • ^

Page 5 CEP, Inc. REPORT Work Order It 90-04-263
Received: 04/16/90 Results by Sample

SAMPLE ID B1A FRACTION 01A TEST CODE TH2325 NAME Thonum-232
Date ?/. Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT
p C i / g r a in

Thorium-232 O. Oti 0 9<f>>/-O. 18

All results reported in:

UNITS pCi/qram

SAMPLE ID B2A FRACTION 02A TEST CODE ABJ_ NAME Gross Alpha/Beta
Date ?/. Time Collected 04/12/90 Category SOIL

Type of Analysis Detection RESULT
Limit pCi/q

Gross Alpha O 3 199. 1+/-2. 4

Gross Beta O. 1 3fL_5±/j±£L_3,

All results reported in:

UNITS Bi

' * ' I1 I ? I • I F I • I 1 | |



. H.LI. LJLJA '_> J'_j I <• hjtu ii.fi |-ii. |vk:vu Ivii :-.n i i I I / : •• i. : our OH t»l ATt LJCJU/ta-ita-cl'l t»tj •

Page 6
Received: 04/16/90

SAMPLE ID B2A

CEP, Inc. REPORT
Results by Sample

Work Order it 90-04-263

FRACTION 02A [ESI CODE CS1375 NAME Cesiudi-137
Date & Time Collected 04/12/90 " Category SOIL

Type of Analysis

Cesium-137

Detect ion Liniit
pC i/ grain

0. 1

RESULT

<0. 1

All results reported in:

UNITS _ a.C'.L/ax.-3'H

SAMPLE ID B2A FRACTION 02.A TEST CODE ISQl)_S NAI1E Isotopic Uranium
Date & Time Collected 04/12/90 Category SOIL

Type of Analysis

Uranium-234
Uranium-23b
Uranium-238

Detection
L i in i t [i C i / g

O O5
O OS
O. Ob

RESULT

All results report in.

UHITS - -

14. Q + /-Q, B
Q 2+/-Q. l

-O. 3

itii M.HUI; Afttliniii '.|n:(.i.il |hri Kir.'itui H. iiinn)\
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Page 7
Received: 04/16/90

SAMPLE ID m

CEP, Inc. REPORT
Results by Sample

Work Order tt 90-04-̂ J

FRACTION 02A_ TESI CODE KJOJ NAME Potass iyiHO
Date & Time Collected 04/12/90 Category SOIL

Type of Analys is RtSUl.T

Potass ium-4O 9.

All results reported ju:

UNITS _ pCi/qram

SAMPLE ID B2A FRACTION 02A TEST CODE R2628S NAME RadiU(i)-226/228
Date ft Time Collected 04/12/90 Category SOU,

Type of Ana lys is D e t e c t i o n
L i m i t p C j / g

F1ESULT

Radium-226

Radium-228

O . £

O. 1

All results report in:

UN I TS _ E£i/a.E am

15O+/-38

r



. H.U UUX ULdLiI «• Bm il..i 1-iJ. Nuw MH..II :i > M /: ii i. ' OUT OP STATE UOO/ t5<4fci-«£1 kit* • FAX- taUO-id t*c:-idc:ti a

Page 8 CEP, Inc. REPORT Work Order ft 90-04-263
Received: 04/16/90 Results by Sample

IE II) B2A FRACTION 02A TEST CODE TH2305 NAME Thoriui»-230
Date & Time Collected Q4/12/9Q Category SOIL

Type of Analysis Detection Limit RESULT
pC i /grain

Thorium-230 O. 05 <IO.

All results reported in:

UNITS _ B-Q

SAIf LE ID B2A _ FRACTION 02A TEST CODE TH2325 NAME Thorium-232
Date ?< Time Collected 04/12/90 Category SOIL

Type of Analysis Detection Limit RESULT
pC i/gram

Thorium-232 O. O3 1 3+/-O. 5

All results reported in:

UN ITS &C Ingram



Page 1
Received: 04/13/90

REPORT DAFES fc BOORE

ITRS. Oat Ridge REPORT
05/15/90 15:53:05

«ork Order t SO-04-048

TO 11701 BORHAN DRIVE
SUITE 340

PREPARED IT/RADIOLDCICAL SCIENCES LAIL
BY 1550 BEAR CTEEK ROAD

OAK RIDCE. TN 37821 z
ST. LOUIS. HO &3144

ATTEN DAVID PURIN6TON ATTEN EPS

CLIENT DAMES 5T
CCrPANY DAHES & MOORE

FACILITY ST. LOUIS. HO

615-482-?707
SA»LE3 19

BY

CCNTACT JIMDILLARD

1
I
I

ID SOIL SAiffLES
TAKEN
TRANS
TYPE

P. 0. *
I'MJICE under seaarate

SAW"̂  IDEHTIFICATIGN
3! SI

25CJL
•Js C2

UD-1

0°
10 l'S-4
• • UB-5
12 UB-6

Bl-A
Bl-9

13
14
15

n
19
12

32-A
B2-3

BK9

TEST CGCES and !W1ES used on this report
CALPHA CTOS3 ALPHA
SSETA CROSS 3ETA
CS _ CAmti SPEC

U-225/Z26
U228



"533 : ITSSL Cak aidce SErCRT Uort Qnsr } :0-D4-C4B
::«ceived: 04/13/90 3esulti by Sijoie

SAM" r ID 31

UNITS
WIN

"• SAW.A

; x-w

FSACTIGN 01A TEST CCDE QS ;WrtE 3WWA :?EC
Date i Tise Collected !/4/!2/"<!) .ateacru

;Ci/a VERIFIED 3Y ERS
05/15/90

T

SPEC SESIT 2-SIB1A QTKE?. 3ESULT 2-SIGMA

1. TTE-rl 0. 2CE+1 5RG3S ALPHA 3. 2!E+i 1. lEE+i

1 CS-137 <Z CE-1 SRCS3 2E7A 2. 67E*! 1. 1CE-1
RA-224 1. 18E-H} 0. 14E-0 'J-224 1. 01E-H3 0.2SHJ
SA-22

1

]

1

i ̂
i
™ WJITS

i UST?J

3 1.24E-3 0.2iE-0 U-SS/ZTS a.CE-i
U-23 3.34E-i 2.20E-!
TH-I20 1. ZEErQ 0. SE-HJ

wi;s •:< T:;3 .jliJCTJi ;.:i/'iv -; -JgiSlir1:

sCi /c '̂ P.IFIED 3Y ESS
05/15/90

I
!

I

X-40
SA-226
RA-223
CS--37

SE=!JLT Z-SISMA OTrS •I M ' 2-SIK1A

0. ?5E WCS3 AL°KA 1.74E-S-1 0.77E-*-i
0.1S-M3 38CS3 2ETA 2.57E+1 0.91Eri
0. IfcE+O U-224 9.51E-1

95E-2 3.24E-2 'J-225/226 <6.GH-<
U-S:3 1. G7E-K!

Tri-2:2 1.17SH)

. 6«E-l

i



Page 2
Received: 04/13/90

ITSSL Oak Ridge REPORT
Results by Sample

Work Order I SO-04-048

SA»L£ ID S3 FRACTION 03A TEST CODE 6S NAS CAMA SPEC
Date & Tiae Collected 04/12/90 category

UNITS pCi/g
WRTN 05/15/90

VERIFIED BY RDJ

GAMMA SPEC RESULT 2-SIK1A OTHES RESULT 2-SICJ1A

K-40 1.02E+1 0. 14E+1
CS-137 <2. OE-1
RA-226 7. S2E-1 0. B4E-1
RA-228 5.BAE-1 1.02E-1

GROSS ALPHA
CROSS BETA
U-234
U-235/236
l>-223
TH-230
TH-232

2.32E+1
1.79E+1
7.46E-1
<6. OE-1
7. 82E-1
2.55E+0
7. 05E-1

0. 91E-H
0. 76E+1
1.91E-1

1.96E-1
0.44E-K)
1. 81E-1

SA»LE ID S4 FRACTION 0£A TEST CODE 53 NAME CATHA SPEC
uttgor-j

UNITS
WRTN 05/15/90

VERIFIED BY ERS

GAW1A SPEC RESULT 2-SIGHA OTKER RESULT 2-SIW1A

K-40
CS-137
RA-226
RA-228

1.09E+1
<0.2
1.18E-K3
1.26E-K)

0.1SE+1

0.11E+0
0.

CROSS ALPHA
CROSS BETA
U-234
U-235/236
U-238
TH-230
TH-232

2.WE+2
2.73E+1
1.06E-H)
<b. OE-1
6.38E-1
2.3SE+0
1.08E+0

0.50E+2
0.94E+1
0.28E+0

2.10E-1
0.49E-K)
0.29E+0

1



Page 3
Received: 04/13/90

SAMPLE ID Cl

ITRSL Dai Ridge REPORT
Results b) Saaple

Work Order t SO-04-048

111iI
II

Date It Tiae Collected 04/12/90 Citeooru

UNITS DCi/o
WTN 05/15/90

CATC1A SPEC RESULT 2-SIB1A OTffi?

K-40 1. 01E+1 0. 14E+1 CROSS ALPHA
CS-137 <2. OE-1 CROSS BETA
RA-226 1.0iE+0 0. 11E-K) U-234
RA-223 1.22E+0 0. liE-H) U-235/236

U-238
TH-220
TH-222

VERIFIED BY RDJ

RESULT

1. 5QE+1
2. 55E+1
9. 51E-1
<6. OE-1
9. 51E-1
2.22ETO
1.32E^O

EAffLE ID C2 FRACTION OiA TEST COCE GS
Date Si Tiae Collect

UNITS pCi/g
WTN 05/15/90

CAWIA SPEC RESULT 2-SIB1A OTHES

K-40 1.82E+1 0.29E-H CROSS ALPHA
CS-137 <ZOE-1 CROSS BETA
RA-226 1.15E+0 0. 12E-H) U-234
RA-223 1.29E-K) 0. 18E+0 U-235/236

U-238
TH-220
TH-222

ta 04/127'

t

2-3IC.1A

0. 71E+1
1.01E+1
2. 8CE-1

2.BOE-1
0. 45E+0
0.32E-H)

NAUE SAfWA SPEC
713 Citeaoru

VERIFIED BY RDJ

RESULT

1.34E+1
2.1EE+1
1.02E-KJ
CA.OE-1
7. 65E-1
2.37E-K)
1.22E+0

2-SIGMA

O.B2E41
0. 98E+1
0.24E-K)

2. 01E-1
0.43E-K)
0.27E-K)



1
1 Page 4 ITRSL Oak Ridge REPORT

Received: 04/13/90 Results by Sa«ale

SAffLE ID UB-1 FRACTICN 07A TEST CODE GS

Uork Order I 5CH34-048

NAME CAHMA SPEC
— • Date & Tiae Collected 04/12/90 Cateooru

?

[J

•1_.

\
••

1
—

1
—

1
—

1

UNITS DCi/q
W?TN 05/15/90

CArtlA SPEC RESULT 2-SISHA ODE?

K-40 9.91E-K) 1.34E+0 CROSS ALPHA
CS-137 2. 97E-1 0. 55E-1 CROSS BETA
RA-£2i 1.02E-K) 0. 10E-K) U-234
RA-223 1. 11E+0 0. 14E+0 U-225/226

U-228
TH-220
TH-22

VERIFIED BY RDJ

RESULT

2.36E+1
i 35E+1
1.27E+0
<L. OE-l
1. 04E+0
2.53E+0
9. 85E-1

- SAMPLE ID U3-2 FSACTICN OEA TEST CODE GS

—

1

i
—
î
_

i
i
i
i
i

Date i Tiae Collect

UNITS pCi/q
URTN 05/15/90

GAWA SPEC RESULT 2-SICMA OTHER

K-40 1. 17E+1 0. 16E+1 CROSS ALPHA
CS-137 105E-1 a59E-l WOSS BETA
RA-226 1.15E+0 0.11E-K) U-234
RA-223 1.22E+0 0.15E-K) U-235/236

U-238
TH-230
TH-222

?d 04/!?7i7

2-SICMA

0. 99E+1
0. BSE+1
0. 25E-K)

0.22E^O
0. SCE+0
2. 63E-1

NAME CAWA SPEC
lj CoCeijorY'

VERIFIED BY RDJ

RESULT

2.60E+1
lOOE+1
1.22E+0
<6. OE-l
1.22&0
1.82E-K)
1. 16E+0

2-SICKA

1. 01E+1
1. 11E+1
0.25E-K)

0.25E-H)
0. 43E-K)
0.33E-K)
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I
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I
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Page 5
Received: 04/13/90

SAWLE IDUB-3

UNITS oCi/o
NRTN 05/15/90

ITRSL Oat Ridge REPORT
Results by Saaple

Work Order • 50-04-048

FRACTION OTA TEST CODE CS NAJ€ CAHHA SPEC
Date & Tiae Collected 04/12/90 Utejofj

VERIFIED BY ROJ

CAMHA SPEC RESULT 2-SIWA OTHES RESULT 2-SIGMA

R-40
CS-137
RA-226
RA-223

1.46E+1
2.42E-1
1.16E+0
1.22E-K)

0. 15Erl

0.5SE-1
o. HE*)
0. ItE-K)

CROSS ALPHA
CROSS BETA
l>-234
U-235/226
U-238
TH-220
TH-232

2.5EE+1
3. 11E+1
9. 10E-1
<i. CE-1
9. 24E-1
2.22E+0
1. ISE-rO

1.01E+1
1. 09E+1
1. 9BE-1

2.00E-1
0.46E-K)
0. 30E-K)

— SAWLE ID U3-4 FRACTION 1CA TE5T CODE SS MAKE
Dais !t Tiae Collected 04/1 S/iO"'

£?EC
Lategorij

UNITS pCi/a
WTN 05/15/90

VERIFIED BY RDJ

CAWA SPEC RESULT 2-SICHA RESULT 2-SIGMA

K-40 1.77E+1 0.29E-H CROSS ALPHA 2.00E+1 0.85E-H
CS-137 C2.0E-1 CROSS BETA 2.90E+1 0.99E+1
RA-226 1.07E+0 0.12E+0 U-234 9.52E-1 111E-1
RA-22B 1.35E-K) 0.2CE+0 U-235/236 <i.OE-l

U-238 7.3BE-1 1.82E-1
TH-230 2.11E+0 0.42E-K)
TH-232 1.07E-K) 0.27E-K)



ll
J • Page 6 ITRSL Oak Ridge RPORT Uork Order I SO-04-048

• Received: 04/13/90 Results by Saeple

SAMPLE ID UB-5 FRACTION 11A TEST CODE GS NAME CAMA SPEC
Date I TiiTCollected 0 4 / 1 2 / 9 0 ' C a t e g o r y

WITS oCi/a VERIFIED BY RDJ
MRTN 05/15/90

CAWW SPEC RESULT 2-SIWA OTffi? RESULT 2-SISKA

K-4Q 1.B6E-H 0.30E+1 CROSS ALPHA LKEri 0.83E+1
CS-137 <2.0E-1 CROSS BETA 2.56E+1 0.97E+1
RA-226 1.1AE-K) 0.13E+0 U-234 1.27E-K) 0.26E-K)
RA-228 1.55E-H3 0.22E+0 U-235/236 <i.OE-l

U-2^ 9.71E-1 2.17E-1
TH-230 3.06E-K5 0. i5E+0
TH-222 1. WE+0 0. 42E-H)

SAMPLE ID U3-e FRACTION 12A TEST CODE QS_ .. NAlfE CMBA_EPK
Data d Tiae Collected C»/1Z/?0 uategory

UNITS p C i / g VERIFIED BY RDJ
URTN 05/15/90

CAWA SPEC RESULT 2-SIWA OHO RESULT 2-SICtlA

K-40 1.97E+1 0.32E+1 CROSS ALPHA 2,7?E+1 0.99E-H
CS-137 2.13E-1 O.S4E-1 CROSS BETA 2.51E+1 0.80E-H
RA-266 1.23E+0 0.14E-K) U-234 1.19E+0 0.27E-H)
RA-22B 1.52E-HJ 0.21E+0 U-235/236 <i.OE-l

U-238 1.16E40 0.26E+0
TH-230 2.52E+0 0.52E-K)
TH-232 1.23E+0 0.32E-K)
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rage 7 iff
Received: 04/13/90

SAMPLE ID Bl-A

UNITS oCi/o
WRTN 05/15/90

6AHMA SPEC RESULT

K-40 1. 24E+1
CS-137 <2. OE-1
RA-226 3. 95E+1
RA-228 9. 59E-1

SAMPLE ID 81-9

UNITS DCi/q
URTN 05/15/90

CAMA SPEC RESULT

K-40 6. 7BE+Q
CS-137 <2. OE-1
RA-226 2. 96E-H
RA-228 9. 55E-1

15L Uat Ridge Rfenmi Hori oraer * SO-W-WB
Results by Saaple

FRACTION 13A TEST CODE GS NA»€ GAMMA SPEC
Date I Tiae Collected 04M2V90 Cateaoru

VERIFIED BY RDJ

2-SICflA OTffi? RESULT 2-SICMA

0. 2SE-H CROSS ALPHA 1. 65E+3 0. 34E+3
CROSS BETA 3. 12E+2 0.66E+2

0.32E+1 U-234 7.91E-H3 1.03E+0
3.WE-1 U-235/23i <i.OE-l

U-238 6. 90E+0 0. 92E-K)
TH-2CO 1. 5EE-^2 0. 37E-̂ 3
TH-222 5. 0=ErO 1. 59E-K)

FRACTIO?^ 1« TEST CODE 53 NAME CAttMA SrEC
Cata i Tiise Collscted 04/12/TO Cateqoru

VEHIFIED BY RDJ

2-SICHA OT>£H RESULT 2-SIGMA

1. 45E-H) CROSS ALPHA 1. 9£E+3 0. 4CE+3
CROSS BETA 3.04E+2 0.64E+2

0.45E+1 U-234 6.33E+0 1.06E-K)
2. 97E-1 U-235/236 <6. OE-1

U-238 6.33^0 1.06E-H3
TH-230 1.39E+3 0.27E+3
TH-232 4. 11E+0 1. 12E-H)



I
I
I
I

rage 8
Received: 04/13/90

ITKSL Oak Ridge REPORT
Results bij Sanple

Work Order t 50-04-048

Date

UNITS pCi/g
WJTN 05/15/90

6ATC1A SPEC RESULT 2-SIGttA

K-40 1. 16E+1 0.20E+1
CS-137 3.21E-1 0.90E-1
RA-226 2. 40E+1 0. 37E+1
RA-22B 1. 29E+C 0. 2iE-K)

•AffLE 12 BZ-A FPAC1
Date

UNITS oCi /g
WRTN 05/15/90

U91A SPEC RESULT 2-SIGJ1A

K-40 9.40E+0 1.B3E-K)
CS-137 <2. OE+1
RA-226 1. 51E+1 0. 19E+1
RA-228 1.2K-K) 0.36E-K)

& Tiae Collected 04/12/90 Cateaon

VERIFIED BY RDJ

OTHER

CROSS ALPHA
CROSS BETA
U-234
U-235/236
U-223
TH-230
TH-232

RESULT

1.81E+3
2.74E+2
7.44E-H3
<o. OE-i
7. OCE+0
1. 43E+3
6. 69E-HJ

'IGN !4A TEST CODE CS
fc TiaTCollecteo 04/IZ7

r

2-SIC.1A

0.37E+3
0. 58E+2
1.04E+0

0. 99E-K)
0. 3£E+3
2.15E+0

NA/1E CAI-iflA sPEC
•5 Cataaoru

VEHIFIED BY RDJ

OT>O

GROSS ALPHA
GROSS BETA
U-234
U-235/236
U-238
TH-230
TH-222

RESULT

7. 81E+3
9. 69E+2
1. 80E+1
2.13E+0
1. ME+1
3.72E+3
4. 53E+0

2-SIGMA

1.57E+3
1.97E+2
0. 24E+1
0.44E-KJ
0. 16E+1
0. 7EE+3
1. 31E-H)



I
I
I
I
I
I
I
II

rage S
Received: 04/13/90

SAfffLE ID Bl-C

ITRSL Cat Ridge REPORT
Results by Saaple

Uork Order t SO-04-048

FRACTION ISA TEST CODE SS NAffi GAHHA SPEC
Date It Tine Collected 04/12/90 Category

UNITS gCi/q
05/15/90

VERIFIED BY RDJ

CAttlA SPEC RESULT 2-SIK1A OTTO? RESULT 2-SIC.1A

R-40
CS-137
RA-226
RA-223

1. 16E+1
3. 21E-1
2.40E+1
1. 25E+0

0.20E+1
0. 90E-1
0.37E+1
0.24E-H)

CfiOSS ALPHA
CROSS BETA
U-234
U-235/236
U-223
TH-230
TH-232

1. B1E+3
Z74E+2
7.44E-K)
<6. OE-i
7. OCE+0
1. 43E+2
6. 69E+C

0.37E+3
0. 58E+2
1.04E+Q

0. 99E-HJ
0. 3iE-̂ 3
2.15E-K)

Ii
SAKPLE 12 B2-A

WJITS oCi/i
URTN 05/15/90

FP.ACTICN !4A TEST CODE GS MAKE
Date i Tiae Collected 04/1?

VERIFIED BY RDJ

CAHHA SPEC RESULT 2-SICMA OTffi? RESULT 2-SIGMA

I K-40
CS-137
RA-226
RA-228

9.40E+0
aflE+1
1. 51E+1
1.25E+0

l.B3E*0

0.19E+1
0.3&K)

CROSS ALPHA
GROSS BETA
U-234
U-233/23*
U-228
TH-230
TH-222

7. B1E+3
9.69E+2
l.BOE+1
2.13E-K)
1.14E+1
3.72E+3
4. 32E+0

1.57E+3
1.97E+2

0.44E-H)
0.16E+1
0.7EE+3
1.31E-K)
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Page 9 ITRSL Oak Ridge REPORT Uork Order t SO-04-048
Received: 04/13/90 Results by Saaple

SAMPLE ID B2-3 FRACTICN 17A TEST CODE CS MAKE GAMMA SPEC

UNITS oCi/o
HRTN 05/15/90

GAMMA SPEC RESULT

K-40 9. 16E+0
CS-137 <2. OE-1
RA-226 5. 92E+1
RA-22S 1. 1EE+0

SAMPLE !S 32-C

UNITS pCi/q
WTN 05/15/90

CAW1A SPEC RESULT

K-40 9. 53E+0
CS-137 C2.0E-1
RA-226 9. 88E-K5
RA-228 9. 90E-1

Date it Tine Collected 04/12/90 Cateooru

VERIFIED BY RDJ

r

2-SIS1A OTHER RESULT 2-SICHA

1.72E-K) CROSS ALPHA 5.56E+3 1. 12E+3
CROSS BETA 7. 76E+2 1. 59E*2

0.47E-H U-234 1. 12E+1 0. 15E+1
0. 31E-K) U-235/226 Cfi. OE-i

U-238 6. 52E+0 0. 92E-K)
TH-220 2. 82E+3 0. 5EE+3
TH-232 1. 31E^1 0. 30E+1

FRACTION ISA TEST CCDE -53 MAKE WWW SPEC
D^ts Si Tiae Collec:ed 04/12.'iO Latecoru

VERIFIED BY RDJ

2-SICKA OTHER RESULT 2-SISMA

1.61E-HD CROSS ALPHA l.OEE+3 0.22E+3
CROSS BETA 1. 49E+2 0. 35E+2

1.59E+0 U-234 1.98E-KJ 0.32E-K)
1.72E-1 U-235/22A 6.61E-1 1.62E-1

U-238 2. 14E-K) 0. 35E-K)
TH-230 3. 74E*2 1. 13E+2
TH-232 1. 16E+0 0. 49E+0



•• ?3ge 10 ,_ ITRSL Dak R i d g e . _ _ REPORT Work Order t SO-04-048
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Received: 04/13/90 Results by Saaple

SAMPLE ID BR5 FRACTION 19A TEST CODE 5S . NAME CAHHA SPEC
Date I Tiae Collected 0 4 / 1 2 / 9 Q ~ C a t t g o r y

UNITS pCi/o VEHIFIED BY RDJ
WRTN 05/15/90

CATB1A SPEC RESULT 2-3IG«A OTffi? RESULT 2-SICMA

K-40 1.81E+1 0.29E-H CROSS AL°HA 130E+1 1.14E+1
CS-137 <2.0E-l CROSS SETA 2.79E+1 0.9fcE+l
RA-226 1.09E+0 0.12E-H) t>-234 1.12E+0 0.21E-HJ
RA-22B 1.32-H3 0. lEE+0 Ih225/23i <6.CE-1

U-239 l.HE+0 0.31E+0
TH-230 3. 5S-H) 0.61E-K)
TH-222 1.54E-M3 0.32E-K)



SOUTHWEST LABORATORY
OF OKLAHOMA, INC.

May 7, 1990

David Purington
DAMES & MOORE
11701 Borman Drive, Suite 340
St. Louis, Missouri 63146

Project: 19943 - 002; Ford Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples received
in our laboratory on April 17, 1990, for the above captioned
project.

All the samples were originally extracted on April 17, 1990.
The acid surrogates were outside QC limits for sample MW105,
MW106 and MW107. These samples were re-extracted on April 26,
1990 and re-analyzed on May 1, 1990. The acid surrogates also
did not meet the recovery criteria for sample MW105 and MW106.
This indicated a matrix effect. We have reported the data from
the reanalyses for these three sampls.

Per your request we have preformed a matrix spike and duplicate
for the following samples;

MW101 (cyanide), MW105 (metals)

Additional Matrix Spike/Matrix Spike Duplicates will follow
with the completion of the remaining portion of this project.

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,

Randy Staggs
Project Manager

RS/j 1

Enclosures

DAMES & MOORS

M A Y G G 1 9 S O

1700 WEST ALBANY. SUITE C • BROKEN ARROW. OK 74012
(913)251-2858 • FAX (918) 251-2599



|

JL JLO. T T J-JkJ JL

2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

[ENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.01
DATE SUBMITTED: 04-17-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW101

REPORT: 2388.01M

DATE: 05-07-90

JRAMETER

T*TAL CYANIDE

OTAL METALS

3SEN 1C
_AD
ERCURY

"JLENIUM
JlALLIUM
•NTIMONY

1RYLLIUM
DMIUM

"CHROMIUM

JPPER
CKEL
LVER

IINC

DET.
LIMIT

0 . 02

10.0
3 . 0
0.2
5.0
10.0
30 . 0
5 . 0
5 . 0
5.0
10.0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ua/L
ug/L
ug/L
ug/L
ug/L
ug/L

DATE
RESULTS ANALYZED

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
152
ND
ND
102

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM

EPA
EFA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

412D

206.2
*"*̂ *O *"*— •-J / . ..

245.1
270.2
279.2
200 . 7
200 . 7
200.7
200 . 7
200 . 7
200.7
200 . 7
200.7

#EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ENT: DAMES & MOORE REPORT: 2388.01H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.01
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW101

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 857.

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
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1700 W. Albany . Suite "C . flrofcen /I/row, Oklahoma 74012 . 918-251-2858

i
w

I
I
I

M

I
I

tNT: DAMES & MOORE REPORT: 2388.OlP
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 43146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt 2388.01
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MW101

I

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/RGB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHCCLINDANE) 0.05 ND
HEPTACMLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-101& 0.5 ND
AROCHLOR-1221 0.5 ' ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 94*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY O*
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 91&-251-2858

NT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2383.01V

DATE: 05-07-90

SAMPLE MATRIX: WATER
SULO It 2388.01
DATE SUBMITTED
DATE ANALYZED
METHOD REFERENCE:
PROJECT: 19943 -
SAMPLE ID: MU101

04-17-90
04-18-90
SW846-8240, EPA METHODOLOGY

002; FORD EARTH CITY

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

,'dyATILES

IMOMETHANE
'NYL CHLORIDE

IOROETHANE
IHYLENE CHLORIDE

ACETONE
g[BON DISULFIDE

TB-DICHLOROETHENE
'171-DICHLOROETHANE
' j»NS-l,2-DICHLOROETHENE
,J.OROFORM
!l£-DICHLOROETHANE
iia-BUTANONE

J.l-TRICHLOROETHANE
BON TETRACHLORIDE

•/INYL ACETATE
"~ IMODICHLOROMETHANE

DET.
LIMIT RESULTS

I

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

18 B
J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

VOLATILES

1,1,2,2-TET.RACHLOROETHANE
1,2-DICHLOROPROPANE
TKAN3-1,3-DICHLOROPROPENE
TRICHLORCETHEHE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

.IDLUENE-d8(88-110)

QA/BC SURROGATE RECOVERIES

BROMOFLUOROBENZENE(86-115) 93* l,2-DICHLOROETHANE-d4(76-114)

I

I

I

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF G1UANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF C1C LIMITS



I

SOUTHWEST JABORATORY OF OKLAHOMA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

s & MOORE
BORMAN DRIVE, SUITE 340

MO 63146
DAVID PURINGTON

MATRIX: WATER
H 2388.01
REF.: SW846-B270, EPA METHODOLOGY

19943 - 002; FORD EARTH CITY
ID: MW101

j«DLATILE5

3 CHLOROETHYL) ETHER
•aHLOROPHENOL

ICHLOROBENZENE
CHLOROBENZENE

. ALCOHOL
"DICHLOROBENZENE

••J^YLPHENOL
SB-CHLOROISOPROPYL) ETHER

'— iTHYLPHENOL
j|RQSQ-DI-n-PROPYLAMINE

:X;BHLOROETHANE
.2SOBENZENE

tiORONE

4^!lMETHYLPHENOL
~10IC ACID
._J-CHLOROETHOXY)METHANE
,4MlCHLOROPHENOL

J-TRICHLOROBENZENE
JHALENE

JOROANILINE
JXSCHLOROBUTADIENE

JORO-3-METHYLPHENOL
HYLNAPHTHALENE
HLOROCYCLOPENTADIENE

-^-,6-TRICHLOROPHENOL
•-TRICHLOROPHENQL

-CMORONAPHTHALENE
rMITROANILINE

jtfHYLPHTHALATE
-cMPHTHYLENE
-N^RQANILINE

DET.
LIMIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(ug/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.01B

DATE: 05-07-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-17-90
04-26-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHEWOL
N-NITROSODIPHENYLAMINE(1)
4-BROnOPHENYL-PHENYLETHER
HEXACliLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIHIT (ua/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

:
BENZENE-d5(35-114) 55?: 2-FLUOROBIPHENYL(43-116) 51T;
L-d5 (10-94) 63': 2-FLUOROPHENDL (21-100) 43!;

TERPHENYL-dl4 (33-141) 63:
2,4.6-TRIBROnOPHENOL(10-123) 60:

4 NOT DETECTED ABOVE G1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GMJAUTITATION

— ANALYTZ DETECTED IKI BLANK A3 WELL AS SAMPLE
• GURKOHA" ":ECOVeRY OUTRIDE OF QC LIMITS



I SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 928-222-2828

1
V_IENT: DAMES & MOORE
1 1 1 7 0 1 BORMAN DRIVE, SUITE 340

ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

• SAMPLE MATRIX: WATER
SWLO # 2389.02

•

DATE SUBMITTED:
PROJECT: 19943

04-17-90
- 002; FORD EARTH CITY

REPORT : 2388 . 02M

DATE: 05-07-90

t

SAMPLE ID: MW105

^1

IAMETER

AL CYANIDE

fAL METALS

ARSENIC
SAD

•r».»:CURY
SELENIUM
""HALLIUI"!
—BriMONY
"SWYLLIUM
XADMIUM
•^OMIUM

•cB̂ PER
NICKEL
"toLVER

-|NC

4
1
J
JpA = 8EPA600/ 4-79-020,
ND = NOT DETECTED ABOVE

DET.
LIMIT

0 . 02

1 0 . 0
3 . 0
0.2
5.0
1 0 . 0
30.0
5.0
5.0
5 . 0
10.0
10.0
10.0
10.0

MARCH 19S5
QUANTITATION

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

LIMIT

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
73
ND
ND
489

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

"Ml = STANDARD METHOD, 16TH EDITION

1

I



I
•»riI
I
I

SOUTHWEST LABORATORY OF OKLAHOMA,
1700 W. Albany . Suite "C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

:L|ENT: DAMES & MOORE REPORT.- 23S8.02H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO * 2388.02
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW105

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2.4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98)- 91.27.

•D = NOT DETECTED ABOVE QUANTITATION LIMIT
.-J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

f = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



•

I

I
I
L

1

I

SOUTHWEST LABORATORY OF OKLAHOMA,
7700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES 4 MOORE REPORT: 2388. 02P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.02
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MU105

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC . 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ' ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 ' 0 . 5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 65:;

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* - SURROGATF. RECOVERY OUTSIDE OF QC LIMITS



I
I
f
I
I
I
I

]jl1

X JCl YT -LJO A JUrvuvyj.xi-xJLVyj.xj.
J700 If. y4/bon/ . Sufrc "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DANES & MOORE
11701 BORHAN DRIVE, SUITE 340
ST. LOUIS, (10 63146
ATTN: DAVID PURINGTON

REPORT: 2388.02V

DATE: 05-07-90

SAMPLE MATRIX: WATER
SUILO tt 2388.02
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW105

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

/OWTILES

lBROMETHANE
'hlJoMETHANE
-=;NYL CHLORIDE

MROETHAME
!E«YLENE CHLORIDE

0 ME
ON DISULFIDE

- D I C H L O R O E T H E N E
L , D I C H L O R O E T H A N E

ANS-1,2-DICHLOROETHENE

lB
hlJ
=;NY
M

E«
ff
JRB
T»
,P
]AN
ta

L,»DICHLOROETHANIE
J— -BUTANONE

^1-TRICHLOROETHANE
TS»ON TETRACHLORIDE
/IBTL ACETATE

"JQMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

13
6

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
J

VOLATILES

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLORO'PROPANE
TRANS-1,3-DICHLOROPRQPENE
TRICHLQROETHEHE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1.3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORI1
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

• QA/QC SURROGATE RECOVERIES

.iQLUENE-dSOa-llO) 1032 BROMOFLUOROBENZENEC86-115) 902 l,2-DICHLOROETHANE-d4(76-114) 103'

*=• NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I
—~,

I



I
I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 .

-E3 & MOORE
-'OBBORMAN DRIVE, SUITE 340
. BllUIS, MO 63146
>N: DAVID PURINGTON

1pft MATRIX: WATERI
] ft88.02

REF.: SU346-8270, EPA nETHODOLOGY
T: 19943 - 002; FORD EARTH CITY
ID: MW105

H1MJLATILES

1
:HLOi
:-D

I
1ET

rRT)

S «-CHLOROETHYL)ETHER
£HLOROPHENOL
5-JiICHLOROBENZENE

-4-BlCHLOROBENZENE
ALCOHOL

VDICHLOROBENZENE

SB-CHLOROISOPROPYL) ETHER
^ETHYLPHENOL
^ifROSC-DI-n-PROFYLAiniNE

IMETHYLPHENOL
A C I D

-CHLOROETHOXY)METHANE
,-^ICHLOROPHENOL
.2,4-TRICHLOROBENZENE

fHALENE
OROANILINE
HLOROBUTADIENE

LORO-3-METHYLPHENOL
i*THYLNAPHTHALENE

E*lCHLOROCYCLOPENTADIENE
-4,6-TRICHLOROPHENOL

15-TRICHLOROPHENOL
LORONAPHTHALENE

-NITROANILINE
THYLPHTHALATE
APHTHYLENE
TROANILINE

rV>]
J2,4-

.1;
:>Hb

tc
>
^.4,6

I
•Nil

I-

"
1

DET.
LIMIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(ua/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.02B

DATE: 05-07-90

DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-26-90
DATE ANALYZED : 05-01-90

SEMIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHEMOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLFHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIHIT (ua/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

n±

ND
ND
ND
ND
ND
ND
ND
ND

(10-94)

QA/QC SURROGATE RECOVERIES

87:: 2-FLUOROBIPHENYL(43-116)
17:: :-FLUQROPHEHOL (21-100)

74:; TERPHENYL-dl4 (33-141) 85:
2, 4,6-TRIDROnOPHENOL(10-123) 10:

|= NOT DETECTED ABOVE C1UANTITATION LIMIT
3ELOU LIMIT OF QUANTTTA7IC1J



1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-285*1
JJIENT: DAMES ft MOORE
" 11701 BORMAN DRIVE, SUITE 340

ST. LOUIS, MO 63146
• ATTN: DAVID PURINGTON

•

SAMPLE MATRIX: WATER
SWLO # 2388.03
DATE SUBMITTED: 04-17-90

- PROJECT: 19943 - 002; FORD EARTH
" • SAMPLE ID: MW106

MRAMETER

..MITAL CYANIDE

-TOTAL METALS

"MsENIC

^ ftADMERCURY

tLENIUM
ALLIUM

•"ANTIMONY
BERYLLIUM
JiDMIUM

...CHROMIUM
-UPPER
-•iCXEL
PlLVER

""ZINC

DET.
LIMIT

0 . 0 1

10.0
3 . 0
0.2
5.0
1 0 . 0
30 . 0
5 . 0
5.0
5.0
1 0 . 0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

CITY

RESULTS

ND

ND
ND
ND
ND
ND
44.7
ND
ND
ND
30
ND
ND
56.4

REPORT: 2388.0

DATE: 05-07-90

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

3M

METHOD
REFERENCE

SM

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

412D

206
239
245
270
279
200
200
200
200
200
20 0
200
200

.2

. 2

.1

. 2

. 2

.7

.7

.7

.7

.7

.7

.7

.7

I?

I
. •»

I

I
L ^

I

3'PA =

=5 :
#EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



J
. L

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-2SI-2858

1

IENT: DAMES & MOORE REPORT: 2388.03H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2388.03
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SWB46-B150. EPA METHODOLOGY
PROJECT: 19943 - 002: FORD EARTH CITY
SAMPLE ID: MW106

I

I

I

I

I

I

I

I

I

I

I

i

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,3-T (10-98) 91.77.

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I

I

I

7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2828

DAMES & MOORE REPORT: 2388.03P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt 2388.03
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MW106

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAIIMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 • ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 ' 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

8A/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 70?:

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = AMALYTE DETECTED IN BLANK A3 UELL A3 SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF C1C LIMITS



I

I

SOUTHWEST LABORATORY OF (JiVJLAJtiuiviA,
7700 W. Albany . Suite "C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

J

J

J

J

1

[NT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2388.03V

DATE: 05-07-90

SAMPLE MATRIX: WATER
SULO H 2338.03
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW106

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

ATILES

cMoROMETHANE
iRnOtlETHANE
:NYL CHLORIDE

fORCETHANE
HYLENE CHLORIDE

BON DI3ULFIDE
-DICHLOROETHENE

•Sl-DICHLOROETHANE

*

NS-1,2-DICHLOROETHENE
OROFORM
-DICHLOROETHANE

-3UTANONE
, 1-TRICHLOROETHANE

TETRACHLORIDE
ACETATE

JOMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

19
4

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
J

VOLATILE5

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROF'ANE
TRAMS-1.3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHAME
1,1,2-TRICHLOROETHANE
BENZENE
CIS-i-jj-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/QC SURROGATE RECOVERIES

"3LUENE-d8(38-110) 97T; BROMOFLUOROBENZENEO6-115) 94* l,2-DICHLOROETHANE-d4(76-114)

i
!
j
i

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

HOORE
BORMAN DRIVE, SUITE 340
3UIS, HO 63146
DAVID PURINGTON

MATRIX: WATER
tt 2388.03

REF.: SW846-8270, EPA METHODOLOGY
:T: 19943 - 002; FORD EARTH CITY

REPORT: 2338.03B

DATE: 05-07-90

ID: MU106

3LATILES
DET. RESULTS
LIMIT (uq/L)

"SIBL
SlI-CHLOROETHYL)ETHER

ILCROFHENOL
^ICHLOROBENZZNE
4flICHLOROBENZENE
—jYL ALCOHOL

LlCHLQRQBENZENE
i1»HYLPHENOL

.a£!-CHLOROISCFROPYL)ETHER
JHYLPHENOL

'ROSO-DI-n-FROFYLAMINE
iXJBHLOROETHAME
'"iOBENZEhJE
. J10RONE
•N^ROPHENOL

-••J-DinETHYLPHENOL
iflIC ACID

ISK-CHLOROETHOXY) METHANE
,4^ICHLOROPHENOL
""14-TRICHLQROBENZENE
.-•THALENE
-JLOROANILINE
••^CHLOROBUTADIENE
JLORO-3-METHYLPHENOL

-i'P'HYLNAPHTHALENE
•IXACHLOROCYCLOPENTADIENE

^-TRICHLOROPHENOL
,*-TRICHLOROPHENOL
-(M.ORONAPHTHALENE
li~".TROANILINE

tHYLPHTHALATE
,PHTHYLENE

rtOITROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE SU3HITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-26-90
05-01-90

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENCL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-I1ETHYLPHENOL
N-NITROSODIPHEHYLAMINE(1)
4-BROnOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZCA,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIHIT (uq/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

27

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

7

ND
ND
ND
ND
ND
ND
ND
ND

I

I

I

I

OBENZEME-d5(35-114)
OL-d5 (10-94)

QA/QC SURROGATE RECOVERIES

87': 2-FLUOROBIPHENYL(43-il6) 73:: TERPHENYL-alA (33-141)
25:: 2-FLUOROPHENOL (21-100) '8\* 2,4,6-TRIBROMOPHENOL(10-123)

76:

NCT DETECTED ABOVE QUANTITATION LIMIT
ISTIilATED VALUE: CONCENTRATION BELOW LIMIT Or
AMALYTE DETECTED IN BLANK A3 WELL A3 3AI1F'LZ
7URRnr;AT- r<;:cnvF:RY OUT?:IDF. OF QC LIMITS

QUANTITATION



I

I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

<_IENT:

I

I

I

I

DANES 8< MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2388.04
DATE SUBMITTED: 04-17-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW107

METER

TOTAL CYANIDE

(JAL METALS

&RSENIC

ENIUM
~UALLIUMUA
.S
W3WYLLIUM

CADMIUM

NICKEL

0.01

10.0
3.0
0 .2
5.0
10.0
30.0
5.0
5.0
5.0
10. i)
lO.o
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
uq/L
LIC/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND

ND
ND
ND
ND
ND
33.1
ND
ND
ND
62
10.9
ND
43.0

REPORT: 2388.04M

DATE: 05-07-90

DATE
: ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

J
J

A =
ND =

*EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



\
SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

CftENT: DAMES «< MOORE REPORT: 2388.04H
-] 11701 BORMAN DRIVE, SUITE 340
• ST. LOUIS, MO 63146 DATE: 05-07-90
B ATTN: DAVID PURINBTON

""L SAMPLE MATRIX: WATER
-• SWLO ft 2388.04
™ DATE SUBMITTED: 04-17-90

DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: 5WB46-B150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW107

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
LLMIJ RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 89V.

!lD = NOT DETECTED ABOVE QUANTITATION LIMIT
} = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
J = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
i = SURROGATE RECOVERY OUTSIDE OF OC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany '. Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES 4 MOORE REPORT: 2388.04P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt 2388.04
DATE SUBMITTED: 04-17-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8030, EPA METHODOLOGY
SAMPLE ID: MW107

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAIIMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ' ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
ARQCHLOR-1260 1.0 ND

OA/BC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 68?:

ND = NOT DETECTED ABOVE G1UANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF G1UANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF CIC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

DADES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
3ULO W 2388.04
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-B240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW107

REPORT: 2388.04V

DATE: 05-07-90

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

aATILES

OROMETHANE
iiSOMQMETHAME

JYL CHLORIDE
OROETHANE

•1FCTHYLENE CHLORIDE
k"MTONE

•BON DISULFIDE
TTI-DICHLOROETHENE

.-DICHLOROETHANE
>NS-1,2-DICHLORQETHENE
.OROFORM

L.2-DICHLOROETHANE

•»•"•

"t[CH.C

, l-TRICHLOROETHANE
CARBON TETRACHLORIDE

fYL ACETATE
MODICHLOROMETHANE

I

DET.
LIMIT RESULTS VOLATILES

10 ND 1,1,2,2-TETRACHLOROETHANE
10 ND 1,2-DICHLOROPROPANE
10 ND TRANS-1,3-DICHLOROPROPENE
10 ND TRICHLQROETHENE
5 16 B DIBROMOCHLOROMETHANE
10 3 J 1,1,2-TRICHLOROETHANE
5 ND BENZENE
5 ND CIS-1,3-DICHLOROPROPENE
5 ND 2-CHLOROETHYLVINYLETHER
5 ND BROMOFORM
5 ND 2-HEXANONE
5 ND 4-METHYL-2-PENTANONE
10 ND TETRACHLOROETHENE
5 ND TOLUENE
5 ND CHLOROBENZENE
10 ND ETHYLBENZENE
5 ND STYRENE

TOTAL XYLENE3

DET.
LIHIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

.UENE-d8(38-110) 96* BROMOFLUOROBENZEME(86-115) 92?; 1,2-DICHLOROETHANE-d4(76-114) 100?

i
i

I
I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



^

I SOUTHWEST LABORATORY OF OKLAHOMA, 1INU
1700 W. Albany . Suite "C • Broken Arrow, Oklahoma 74012 . 918-251-2858

14 MOORE
BORMAN DRIVE, SUITE

LOUIS, MO 63146
DAVID PURIN.GTON

J40

E MATRIX: WATER
tt 2338.04
D REF.: SU846-8270, EPA METHODOLOGY
CT: 19943 - 002; FORD EARTH CITY

1PLE ID: P1U107

OL~nBc
:IST2-CHLOROETHYL)ETHER
"tHLOROPHENOL
.JDICHLOROBENZENE
.T»DICHLOROBENZENE
-=WZYL ALCOHOL
J»DICHLOROBENZENE
i^THYLPHENOL

[.S (2-CHLOROI20PROPYL) ETHER
^THYLFHENQL
[TROSO-DI-n-PROFYLAMINE

iTxCHLOROETHANE
-JTROBENZENE
JfHORONE
I^TROFHENOL

.4-DIMETHYLFHENOL
iOIC A C I D

J( 2-CHLOROETHOXY)METHANE
J-DICHLOROPHENOL

,4-TRICHLOROBENZENE
HTHALENE
HLOROANILINE

•iSXACHLOROBUTAD IENE
•HLORO-3-METHYLFHENOL

CT|ETHYLNAFHTHALENE
HEXACHLORQCYCLOPENTADIENE

~"j|,6-TRICHLOROPHENOL
-•,3-TRICHLOROPHEhlOL
^"HLORONAPHTHALENE
-*1NITROANILINE

•lETHYLPHTHALATE
S^NAPHTHYLENE
tNITROANILINEirN

1

I

1

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2388.04B

DATE: 05-07-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-26-90
05-01-90

SEMIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRQ 2-METHYLPHENOL
N-NITROSQDIPHENYLAniNE(l)
4-BR0110PHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHEMANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO( A) ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2, 3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET.
LII1IT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

RESULTS
(ua/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TROBENZENE-d5(35-114) 82:; 2-FLUOROBIPHENYL<43-116) 68:; TERPHENYL-dl4 (33-141) 8?:
MOL-do (10-94) 59:; 2-rLUOROPHENOL (21-100) 2?:.' 2.4,6-TRIBROrtOF'HENOL( 10-123) 51-'

NOT DETECTED ABOVE QUANTITATION LlillT
ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF C.UANTITATION
AMAl.YTE DETECTED IN BLANK A3 UELL AS SAMPLE
-;i.jR>;i:.i:-nrE RECOVERY OUTSIDE OF oc LIMITS



I

I

SOUTHWEST LABORATORY UJb UJSJLATIUIVJLA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

-IHT:

3
]

j
J

I
I
I
I
I
3m

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO t) 2388.05
DATE SUBMITTED: 04-17-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-B240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: TR-1

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

REPORT: 2388.05V

DATE: 05-07-90

RESULTS

•3MSOP1ETHAME
RWOMETHANE
~NYL CHLORIDE
JBROETHANE
E"BYLEME CHLORIDE

--^TONE
Jj|ON DISULFIDE

IPoiCHLOROETHANE
IS-1,2-DICHLOROETHENE
iROFORM

,=-DICHLOROETHANE

STANONE
1-TRICHLOROETHANE
ON TETRACHLORIDE

_INYL ACETATE
JWODICHLOROMETHANE

I
-.UENE-d8(83-110)

I
i;
i
i

1.1.2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLCROPROPENE
TRICHLOROETHENE
DIBROnOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CI3-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

QA/QC SURROGATE RECOVERIES

BROMOFLUOROBENZENE(86-115) 93:-: l,2-DICHLOROETHANE-d4(76-114)

10
10
10
10
c
W*

10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

4̂.

ND
ND
ND
ND
ND

6
ND
ND
ND
ND
ND
ND

DET.
LIHIT

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NOT DETECTED ABOVE G1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GIUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF CC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

I
DAMES & MOORE
11701 Borman Drive
St. Louis, Missouri 63149

REPORT: G2705

REPORT DATE: 05/03/90

'SWLO IDENTIFICATION

(SAMPLE NO.: 2388.01 - 2388.05
IDATE RECEIVED: 04/17/90

.DESCRIPTION

•METHOD
-.METHOD
JMETHOD
"•METHOD

METHOD
^METHOD
-•METHOD

METHOD

3LANK
3LANK

BLANK
3LANK
JLANK

BLANK
5LANK
3LANK

BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE
SPIKE

--.MATRIX SPIKE
«ARTIX SPIKE

-WATRIX SPIKE
_ MATRIX SPIKE
glATRIX SPIKE

-»ATRIX SPIKE
MATRIX SPIKE

-^MATRIX SPIKE

"DUPLICATE
.DUPLICATE

tUPLICATE
UPLICATE

DUPLICATE
- •DUPLICATE
DUPLICATE
iMJPLCATE

04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90

04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90
04/25/90

MW105
MW105
MW105
MW105
MW105
MW105
MW105
MW105

MW101
MW101
MW101
MW101
MW101
MW101
MW101
MW101

QA/QC

PARAMETER

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

RESULTS

30
5
5
5
10
10
10
10

102%
100%
115%
98%
104%
99%
86%
110%

102%
100%
115%
98%
107%
99%
86%
110%

0%
0%
0%
0%
17%
0%
0%
24%

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPDI



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
'• 7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

i DAMES & MOORE
•-•11701 Borman Drive
•St. Louis. Missouri 63149

ANALYTICAL REPORT

REPORT: G2705.2

REPORT DATE: 05/03/90

-TSWLO IDENTIFICATION
™

- AMPLE NO.:
'ATE RECEIVED:

2388.01 - 2388.05
04/17/90

DESCRIPTIONmuA

.•ME :THOD BLANK
METHOD BLANK
1METHOD BLANK

METHOD BLANK
~] METHOD BLANK
"•BLANK SPIKE
- BLANK SPIKE

' BLANK SPIKE
••BLANK SPIKE
•BLANK SPIKE

~~j BLANK SPIKE

1BLANK SPIKE
BLANK SPIKE

IMATRIX SPIKE
•-•MARTIX SPIKE
_ MATRIX SPIKE
" -MATRIX SPIKE
. .JMATRIX SPIKE
'- DUPLICATE

1DUPLICATE
DUPLICATE

._ DUPLICATE
• DUPLICATE

04/30/90
05/01/90
05/02/90
05/01/90
04/27/90

04/30/90
04/30/90
05/01/90
05/01/90
05/02/90
05/02/90
05/01/90
05/01/90

MW101
MW107
MW107
MW107
MW101

MW101
MW106
MW101
MW106
MW101

PARAMETER

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

ARSENIC
ARSENIC
LEAD
LEAD
SELENIUM
SELENIUM
THALLIUM
THALLIUM

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

ARSENIC
LEAD
SELENIUM
THALLIUM
TOTAL CYANIDE

RESULTS

10
3
5
10
.01

101%
81%
99%
98%
98%
88%
98%
95%

96%
64%
70%
110%
104%

0%
0%
0%
0%
0%

ug/L
ug/L
ug/L'
ug/L
mg/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RECOVERY
RECOVERY
RECOVERY
RECOVERY
RECOVERY

RPD
RPD
RPD
RPD
RPD

I
I
I



1
I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DAMES «< MOORE REPORT: G2705.;
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO * METHOD BLANK
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SWS46-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN uq/L OR Parts Per Billion

DET.
HIEBIC IDE S LIMIT

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

«
Jf

I

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 31.7V.

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

llENT: DAMES & MOORE REPORT: G2705.4
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-07-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO H METHOD BLANK
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-01-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALF'HA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ' ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAP1MA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ' ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 135:-:

ND = MOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF C1C LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

C ENT: DANES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt METHOD BLANK
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

REPORT: G2705.5

DATE: 05-07-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

.ATILE5

'HLOROMETHANE

J0110METHANE
__ NYL CHLORIDE

IHLOROETHANE
-iTHYLENE CHLORIDE
IETONE

' IARBON DISULFIDE
l-DICHLOROETHENE
1-DICHLOROETHANE
ANS-1,2-DICHLOROETHENE
LOROFORM
2-DICHLOROETHANE
BUTANONE
1,1-TRICHLOROETHANE
RBON TETRACHLORIDE

'."'I
11I
:>
I

k »-
I

I
I

NYL ACETATE
OMODICHLOROMETHANE

DET. DET.
LIHIT RESULTS VOLAIILIS UU3-1!

10 ND 1.1,2,2-TETRACHLOROETHANE 5
10 ND 1,2-DICMLOROFROPANE 5
10 ND TRAN3-1,3-DICHLOROPROPENE 5
10 ND TRICHLOROETHENE 5
5 10 DIDROnOCHLOROMETHANII 5
10 ND 1,1,2-TRICHLOROETHANE 5
5 ND BENZENE 5
5 ND CIS-1,3-DICHLOROPROPENE 5
5 ND 2-CHLOROETHYLVINYLETHER 10
5 ND BROMOFORM 5
5 ND 2-HEXANONE 10
5 ND 4-METHYL-2-PENTANONE 10
10 ND TETRACHLOROETHENE 5
5 ND TOLUENE 5
5 ND CHLOROBENZENE 5
10 ND ETHYLBENZENE 5
5 ND STYRENE 5

TOTAL XYLENES 5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

LUENE-d8(88-110) lOO-'i BROMOFLUOROBENZENE(86-115) 86:; 1,2-DICHLOROETHANE-d4(76-114) 95*

NOT DETECTED ABOVE G1UANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK A3 WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF OC LIMITS



I
SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

JS & MOORE
1 BORMAN DRIVE. SUITE 340

w . LOUIS, MO 63146
'TN: DAVID FURINGTON

MATRIX: WATER
ILO N METHOD BLANK

OD REF.: SW846-8270, EPA METHODOLOGY
T: 19943 - 002; FORD EARTH CITY

-iltPLE ID: METHOD BLANK

«HL

£
— CHL

«•;i

VOLATILES
DET. RESULTS
LIHIT (ug/L)

:-CHLOROETHYL)ETHER
•—CHLOROPHENOL

A-DICHLOROBENZENE
•DICHLOROBENZENE

__ r.YL ALCOHOL
^-DICHLOROBENZENE

-••ETHYLFHENOL
:-li( 2-CHLCROISOFROPYL) ETHER
"••rtETHYLFHENOL

•ITROSO-DI-n-PROPYLAMINE
.HACHLQROETHANE
NITROBENZENE

aPHGRGNE
rBITROPHENOL
:,1-DIMETHYLFHENOL
!MZOIC ACID

_• (2-CHLOROETHOXY)METHANE
ZP-DICHLOROPHENOL
•—2.4-TRICHLOROBENZENE

4HTHALENE
HLOROANILINE

HEXACHLOROBUTADIENE

JHLORO-3-METHYLPHENOL
ETHYLNAPHTHALENE
ACHLOROCYCLOPENTADIENE

•'—4,6-TRICHLOROPHENOL

J ,5-TRICHLOROPHENOL
HLORONAPHTHALENE

Z^NITROANILINE
HETHYLPHTHALATE

.-rMNAPHTHYLENE
J^JITROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: G2705.6

DATE: 05-07-90

DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-26-90

RESULTS
SEHIVOLATILES LIHIT (gq/L)

ACENAPHTHENE 10 ND
2,4-DINITROPHENOL 50 ND
4-NITROPHENOL 50 ND
DIBENZOFURAN 10 ND
2,4-DINITROTOLUENE 10 ND
2,6-DINITROTOLUENE 10 ND
DIETHYLPHTHALATE 10 ND
4-CHLOROPHENYL-PHENYLETHER 10 ND
FLUOREME 10 ND
4-NITROANILINE 50 ND
4,6-DINITR0.2-METHYLPHENOL 50 ND
N-SIITROSODIPHENYLrtMINE(l) 10 ND
4-BROMOPHENYL-PHENYLETHER 10 ND
HEXACHLOROBENZENE 10 ND
PENTACHLOROPHENOL 10 ND
PHENANTHRENE 10 ND
ANTHRACENE 10 ND
DI-N-BUTYLPHTHALATE 10 ND
FLUORANTHENE 10 ND
PYRENE 10 ND
BUTYLBENZYLPHTHALATE 10 ND
3,3-DICHLOROBENZIDINE 20 ND
BENZO(A)ANTHRACENE 10 ND
BIS(2-ETHYLHEXYL)PHTHALATE 10 ND
CHRYSENE 10 ND
DI-N-OCTYL PHTHALATE 10 ND
BENZO(B)FLUORANTHENE 10 ND
BENZO(K)FLUORANTHENE 10 ND
BENZO(A)PYRENE 10 ND
INDENO(1,2,3-CD)PYRENE 10 ND
DIBENZ(A,H)ANTHRACENE 10 ND
BENZO(G,H,I)PERYLENE 10 ND

rROBENZENE-d5(35-114) 62::
tNOL-d5 (10-94) 83::

OA/QC SURROGATEJjtgCOVERIES

2-FLUOROBIPHENYL(43-116) 55:; TERPHENYL-dl4 (33-141)
2-FLUOROPHENOL (21-100) 59:-: 2,4,6-TRIBROMOPHENOL( 10-123)

77:,
65:

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF DC LIMITS



I

SOUTHWEST LABORATORY UF UiSJLAnUiVIA, IIN<~.
J700 W. /1/fcfl/iy . Suite "C" . Broken /tmw, Oklahoma 74012 . 918-251-2858

,MES 4 MOORE

101 BORMAN DRIVE, SUITE 340
LOUIS, HO 63146

"TN: DAVID PURINGTON

REPORT: G2705.7

DATE: 05-07-90

MATRIX: WATER
tt METHOD BLANK

_:THOD REF.: SU846-8270,

JJECT: 19943 - 002; F
PLE ID: METHOD BLANK

IVOLATILE5

2-CHLORQETHYL ) ETHER
HLOROFHENOL

'3-DICHLOROBENZENE
fB-DICMLOROBENZENE
iSzYL ALCOHOL

J2-DICHLOROBENZENE
irgETHYLPHENOL
3»2-CHLOROISOPROFYL) ETHER
•fflETHYLPHENOL

I^ITROSO-DI-n-PROPYLAMINE
iBACHLOROETHANE
"ROBENZENE
|;OPHORONE
ITROPHENOL
-DIMETHYLPHENOL
ZOIC ACID
(2-CHLOROETHOXY)METHAWE
-DICHLOROFHENOL
,4-TRICHLOROBENZENE
HTHALENE
HLOROANILINE
ACHLOROBUTADIENE
HLORO-3-METHYLPHENOL
ETHYLNAPHTHALENE
ACHLOROCYCLOPENTADIENE
,6-TRICHLOROPHENOL
,5-TRICHLOROPHENOL
HLORONAPHTHALENE
ITROANILINE
ETHYLPHTHALATE
NAPHTHYLENE
IITROANILINE

n

H

ROBENZENE-d5(35-114)
NOL-d5 (10-94)

I
I

A METHODOLOGY
EARTH CITY

DATE EXTRACTED: 04-17-90
DATE ANALYZED : 04-26-90

r

DET. RESULTS
LIHIT ;

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

QA/

(ug/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QC SURROt

SEHIVOLATILE5

ACENAPHTHENE
2.4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUOREME
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITR030DIPHENYLAMINEU)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO( A) ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B) FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ( A, H) ANTHRACENE
BENZO(G,H,,I)PERYLENE

SATE RECOVERIES

DET.
LIMIT

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

RESULTS
(uq/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

90':
2-FLUOROBIPHENYL(43-116)
2-FLUOROPHENOL (21-100)

TERPHENYL-dl4 (33-141) 8?:
2,4,6-TRIBROMCPHENOL(10-123) 77:

= NOT DETECTED ABOVE OUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
~ ANALYTE DETECTED IN PLANK AS WELL AS SAMPLE
-- SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY
OF OKLAHOMA. INC.

May 8, 1990

j
j
i

l
David Purington
DAMES & MOORE
11701 Borman Drive, Suite 340
St. Louis, Missouri 63146

Project: 19943 - 002; Ford Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples received
in our laboratory on April 18, 1990, for the above captioned
project.

Sample MW110 was originally extracted on April 19, 1990. The
QC/MS analysis indicated that the surrogates did not meet the
QC criteria. Hence, this sample was re-extracted on April 24,
1990, and later re-analysed. The data was reported for the re-
analysed sample.

Per your request we have preformed a matrix spike and duplicate
for the following samples; MW102 (semi-volatile), MW108
(Herbicides), MW110 (Pesticides), MW104 (Volatile)

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,

Randy Staggs
Project Manager

RS/jl

Enclosures

09199°

ST. LOUIS.

1700 WEST ALBANY. SUITE C • BROKEN ARROW, OK 74012
(918)251-2858 • FAX (918) 251-2599
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1

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74022 . 918-251-2858

-CLIENT i DAMES & MOORE
i 11701 BORMAN DRIVE, SUITE 340

1 ST. LOUIS, MO 63146
ATTNj DAVID PURINGTON

REPORT! 2397.01M

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO * 2397.01
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110

""[PARAMETER

JOTAL CYANIDE

LTOTAL METALS1
JfcRSENIC
[LEAD
-•ERCURY
BELENIUM
H THALLIUM
_MNTIMONY
BERYLLIUM
^CADMIUM
ITHROMIUM
"MOPPER
JlICKEL
HSILVER
-•INC

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
102
ND
ND
40.5

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
05-01-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

KEPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION



I
SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

I CLIENTi DAMES & MOORE REPORTi 2397.01H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTNl DAVID PURINGTON

SAMPLE MATRIX I WATER
SWLO « 2397.01
DATE SUBMITTED: 04-18-90
DATE EXTRACTEDi 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE! SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

1

1

1

I

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 89.4'/.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ICLIENT: DAMES & MOORE REPORT: 2397.01?
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO .63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX! WATER
SWLO ft 2397.01
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SW846-8080, EPA METHODOLOGY
SAMPLE ID: MW110

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIHIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 • ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.1 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.1 ND
AROCHLOR-1260 1.1 ND

GA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 100*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF C1UANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS
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1
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SOUTHWEST LABORATORY OF OKLAHOMA, INC,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENTi DAMES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO « 2397.01
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

REPORTi 2397.01V

DATE: 03-08-90

JVOLATILES

IHLOROMETHANE
'SBROMOMETHANE
^/INYL CHLORIDE
KHLOROETHANE

.HlETHYLENE CHLORIDE
IACETONE

JCARBON DISULFIDE
•l,l-DICHLOROETHENE

—SI, 1-DICHLOROETHANE
JTRANS-1,2-DICHLOROETHENE
"CHLOROFORM
-1,2-DICHLOROETHANE

-BUTANONE
,1,1-TRICHLOROETHANE
ARBON TETRACHLORIDE

VINYL ACETATE
feROMODICHLOROMETHANE

DET.
LIHIT

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

RESULTS VOLATILES

16
4

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
JB

L

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIHIT

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OA/QC SURROGATE RECOVERIES

TOLUENE-d8(88-110) 96* BROMOFLUOROBENZENE(86-115) 92* 1,2-DICHLOROETHANE-d4(76-114) 100*

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST JABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow. Oklahoma 74012 . 918-251-2858

IS & riOORE
U BORMAN DRIVE, SUITE 340
LOUIS, MO 63146
4: DAVID PURINGTON

IPLE MATRIX: WATER
tt 2397.01

llOD REF.: SU846-8270, EPA METHODOLOGY
JECT: 19943 - 002; FORD EARTH CITY

llPLE ID: MW110

IVDLATILE5
DET. RESULTS
LIMIT fuo/Ll

!T(2-CHLOROETHYL) ETHER
LHLOROPHENOL
,^-DICHLOROBENZENE

•DICHLOROBENZENE
IJZYL ALCOHOL
•DICHLOROBENZENE
:THYLPHENOL

Ti"( 2-CHLOROISOPROPYL) ETHER
:THYLPHENOL
iTROSO-DI-n-PROPYLAMINE
(CHLOROETHANE

1ROBENZENE
'HORONE

llTROPHENOL
I-DIMETHYLPHENOL

[QIC ACID
il^(2-CHLOROETHOXY)METHANE

-DICHLOROPHENOL
,4-TRICHLOROBENZENE

IHTHALENE
IHLOROANILINE

^ACHLOROBUTADIENE
ILORO-3-METHYLPHENOL
:THYLNAPHTHALENEaACHLOROCYCLOPENTADIENE
,6-TRICHLOROPHENOL
,5-TRICHLOROPHENOL

, HLORONAPHTHALENE
l^ITROANILINE

^•ETHYLPHTHALATE
AUNAPHTHYLENE

—i'vlITRQANILINE

I
i

N»ROBENZENE-d5(35-114)
PBENOL-d5 (10-94)

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
100
20
20
20
20
20
20
20
20
20
20
100
20
100
20
20
100

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2397.01B

DATE: 05-08-90

DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-24-90
DATE ANALYZED : 04-25-90

5EHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (ua/L)

20
100
100
20
20
20
20
20
20
100
100
20
20
20
20
20
20
20
20
20
20
40
20
20
20
20
20
20
20
20
20
20

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

65'; 2-FLUOROBIPHENYL(43-116) 62* TERPHENYL-dl4 (33-141) 83*
36* 2-FLUOROPHENOL (21-100) 18** 2,4,6-TRIBROMOPHENOL(10-123) 21*

I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST JLABORATORY OF OKLAHOMA, 1IN<~.
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2397.02M

DATE: 05-07-90

J
SAMPLE MATRIX: WATER
SWLO # 2397.02
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102

PARAMETER
J
•OTAL CYANIDE

[TOTAL METALS

IRSENIC
LEAD
MERCURY
IELENIUM
THALLIUM
UNTIMONY
BERYLLIUM
IADMIUM
CHROMIUM
IOPPER
IICKEL
SILVER
£INC

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5 . 0
10.0
10.0
10.0
10.0

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

RESULTS

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
326
13.8
ND
52.8

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

PA = #EPA600/4-79-020, MARCH 1985
ID = NOT DETECTED ABOVE QUANTITATION LIMIT
!M = STANDARD METHOD, 16TH EDITION



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

I
•CLIENT:-ii••

• t —

i

1
i
i•

§
i

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINBTON

SAMPLE MATRIX: WATER
SWLO # 2397.02
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA
PROJECT: 19943 - 002; FORD EARTH
SAMPLE ID: MW102

RESULTS REPORTED IN ug/L OR Parts

DET.
HERBICIDES LIMIT

2,4-D 1.0
2,4,5-TP (SILVEX) 0.2

REP

DAT

METHODOLOGY
CITY

Per Billion

RESULTS

ND
ND

,1

REPORT: 2397.02H

05-08-90

OA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 93.77.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



1
i

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I
4
I
I
I
i
1
1
1
1
i
i
i
I
i

IENT: DANES & MOORE REPORT: 2397.02P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO ft 2397.02
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED l 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU102

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMPIA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 . ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 NO

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 83V.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I
I

IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO « 2397.02
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU102

REPORT: 2397.02V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

1LATILES

LOROMETHANE
•J3ROMOMETHANE
^NYL CHLORIDE

"WILOROETHANE
IETHYLENE CHLORIDE

"ACETONE
..WRBON BISULFIDE

•,1-DICHLOROETHENE
•-4,1-DICHLOROETHANE
J»ANS-1,2-DICHLQROETHENE
"HHLOROFORM
,^.1,2-DICHLOROETHANE
^-BUTANONE

•-•, 1,1-TRICHLOROETHANE
CARBON TETRACHLORIDE

•*VINYL ACETATE
•ROMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

ND
ND
ND

'ND
ND
ND
ND
ND
ND
ND
ND

VOLATILES

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIHIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Jj OA/QC SURROGATE RECOVERIES

_TOLUENE-d8(88-110) 982 BROJ10FLUOROBENZENE(86-115) 942 l,2-DICHLOROETHANE-d4(76-114) 100*

1 NOT DETECTED ABOVE 0UANTITATION LIMIT
—J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

t = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS

1

i
l



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-221-2858

IS & MOORE
1 BORMAN DRIVE, SUITE 340

—, LOUIS, MO 63146
_^j DAVID PURINGTON

J: WATERLE MATRIX:
|0 tt 2397.02
OD REF.: SU846-8270, EPA METHODOLOGY

WECT: 19943 - 002; FORD EARTH CITY
RLE ID: MW102
tmi

I
UOL

=5IVQLATILES

I
lH2-CHLOROETHYL)ETHER
IHLOROPHENOL

f DICHLOROBENZENE
DICHLOROBENZENE

~4ZYL ALCOHOL

f DICHLOROBENZENE
THYLPHENOL
2-CHLOROISOPROPYL)ETHER

JETHYLPHENOL
-«TROSO-DI-n-PROPYLAniNE
SiftCHLOROETHANE
"7ROBENZENE
JpHORONE
fllTROPHENOL
-4-DIMETHYLPHENOL«OIC ACID

2-CHLOROETHOXY)METHANE
^ DICHLOROPHENOL
"J2,4-TRICHLOROBENZENE
•HTHALENE
^HLOROANILINE
""XACHLOROBUTADIENE
JlHLORO-3-METHYLPHENOL
:"BETHYLNAPHTHALENE .
LE.XACHLOROCYCLOPENTADIENE«' ,6-TRICHLOROPHENOL

,5-TRICHLOROPHENOL
HLORONAPHTHALENE

ilTROANILINE
ETHYLPHTHALATE
NAPHTHYLENE

NITROANILINE

I
1
I
t

DET.
LIHIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(ua/L)

ND
KID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2397.02B

DATE: 05-08-90

DATE SUBMITTED!
DATE EXTRACTED!
DATE ANALYZED !

04-18-90
04-19-90
04-24-90

DET.
SEHIVOLATILE5 LIHIT

ACENAPHTHENE 10
2,4-DINITROPHENOL 50
4-NITROPHENOL 50
DIBENZOFURAN 10
2,4-DINITROTOLUENE 10
2,6-DINITROTOLUENE 10
DIETHYLPHTHALATE 10
4-CHLOROPHENYL-PHENYLETHER 10
FLUORENE 10
4-NITROANILINE 50
4,6-DINITR0.2-METHYLPHENOL 50
N-NITROSODIPHENYLAMINE(l) 10
4-8ROMOPHENYL-PHENYLETHER 10
HEXACHLOROBENZENE 10
PENTACHLOROPHENOL 10
PHENANTHRENE 10
ANTHRACENE 10
DI-N-BUTYLPHTHALATE 10
FLUORANTHENE 10
PYRENE 10
BUTYLBENZYLPHTHALATE 10
3,3-DICHLOROBENZIDINE 20
BENZO(A)ANTHRACENE 10
BIS(2-ETHYLHEXYL)PHTHALATE 10
CHRYSENE 10
DI-N-OCTYL PHTHALATE 10
BENZO(B)FLUORANTHENE 10
BENZO(K)FLUORANTHENE 10
BENZO(A)PYREN£ 10
INDENOU, 2,3-CD) PYRENE 10
DIBENZ(A,H)ANTHRACENE 10
BENZO(G,H,I)PERYLENE 10

QA/OC SURROGATE RECOVERIES

RESULTS
(uq/Ll

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

JB
J

ND
ND
ND
ND
ND
ND
ND

ROBENZENE-d5(35-114)
NOL-d5 (10-94)

71* 2-FLUOROBIPHENYL(43-116) 68V.
49V. 2-FLUOROPHENOL (21-100) 35:-:

TERPHENYL-dl4 (33-141)
!, 4,6-TRIBROnOPHENOL(10-123)

60::
34?:

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I
I
I
I

SOUTHWEST IABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.03
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW10S

REPORT: 2397.03M

DATE: 05-07-90

IRAMETER
DET.
LIMIT UNIT RESULTS

DATE
ANALYZED

METHOD
REFERENCE

TAL CYANIDE

TAL METALS

iSEN 1C
AD
RCURY

SELENIUM

JALLIUM
TIMONY
RYLLIUM

"̂
MRCMIUM
UPPER

• NIICKEL
• LVER
PNC

0.01 mg/L ND 04-27-90 SM 412D

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND
ND
ND
ND
ND
34.5
ND
ND .
ND
81
14.0
ND
44.5

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

206.2
239.2
245.1
270.2
279.2
200 . 7
200 . 7
200.7
200 . 7
200 . 7
200 . 7
200 . 7
200.7

#EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE OUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

1

1

1



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "(7 . Broken Arrow, Oklahoma 74012 . 918-251-2858

tLlENT: DAMES & MOORE REPORT: 2397.03H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO # 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW10B

j
1

I

1
1
I
I
1

RESULTS REPORTED IN ug/L OR Parts Per Bil.ion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 87.9V.

| NO = NOT DETECTED ABOVE QUANTITATION LIMIT
- J » ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

I B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I
i



i

SOUTHWEST,LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES 4 MOORE REPORT: 2397.03P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIXi WATER
SWLO »» 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU108

I
I

II
I

I
I
I
I
I
I
I
i
i

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIHIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 . ND
HEPTACHLOR EPOXIDE 0.05 ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.3 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/OC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 82*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO « 2397.03
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-B240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW108

REPORT: 2397.03V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

JOLATILES

1LOROMETHANE
OMOMETHANE

JnNYL CHLORIDE
'"•HLOROETHANE
.JETHYLENE CHLORIDE
"&CETONE
CARBON BISULFIDE
|,1-DICHLOROETHENE

—1,1-DICHLOROETHANE

1' RANS-1,2-DICHLOROETHENE
HLOROFORM
,2-DICHLOROETHANE

J2-BUTANONE
4[,1,1-TRICHLOROETHANE
CARBON TETRACHLORIDE

^INYL ACETATE
.J^ROMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

15

ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

DET.
VOLATILES LIMIT

1,1,2,2-TETRACHLOROETHANE 5
1,2-DICHLOROPROPANE 5
TRANS-1,3-DICHLOROPROPENE 5
TRICHLOROETHENE 5
DIBROMOCHLOROMETHANE 5
1,1,2-TRICHLOROETHANE 5
BENZENE 5
CIS-1,3-DICHLOROPROPENE 5
2-CHLOROETHYLVINYLETHER 10
BROMOFORM 5
2-HEXANONE 10
4-METHYL-2-PENTANONE 10
TETRACHLOROETHENE 5
TOLUENE 5
CHLOROBENZENE 5
ETHYLBENZENE 5
STYRENE 5
TOTAL XYLENES 5

QA/QC SURROGATE RECOVERIES

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

rOLUENE-d8(88-110) 100* BROMOFLUOROBENZENEO6-115) l,2-DICHLOROETHANE-d4(76-114) 103*

D = NOT DETECTED ABOVE QUANTITATION LIMIT
;J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I

I

I



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

J§ 4 MOORE
7m. BORMAN DRIVE, SUITE 340
— LOUIS, PIO 63146
'• DAVID PURINGTON

UJPLE MATRIX: WATER

iff 2397.03D REF.: SU846-9270, EPA METHODOLOGY
Fi 19943 - 002; FORD EARTH CITY

.E ID: MU108

ailVOLATILES
DET. RESULTS
LIMIT (gg/L)

IS(2-CHLOROETHYL)ETHER
^.OROPHENOL

J)ICHLOROBENZENE
/4%

ALCOHOL
ICHLOROBENZENE
'HYLPHENOL

IS(2-CHLOROISOPROPYL) ETHER
•THYLPHENOL

-jTROSO-DI-n-PROPYLAMINE
EXACHLOROETHANE
-MOBENZENE

•HORONE
HTCTROPHENOL
-fl-DIMETHYLPHENOL

JOIC ACID
2-CHLOROETHOXY ) METHANE

,4-DICHLOROPHENOL

J4-TRICHLOROBENZENE
THALENE

-CHLOROANILINE

1CHLOROBUTADIENE
LORO-3-METHYLPHENOL
THYLNAPHTHALENE

:EXACHLOROCYCLOPENTADIENE

16-TRICHLOROPHENOL
5-TRICHLOROPHENOL

:-CHLORONAPHTHALENE
TROANILINE
THYLPHTHALATE

TNAPHTHYLENE
:=11ITROANILINE

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2397.03B

DATEi 05-08-90

DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 04-24-90

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BEN20(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

1
QA/OC SURROGATE RECOVERIES

DET. RESULTS
LIMIT (UQ/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

OBENZENE-d5(35-114) 78?-:
S (10-94) 42?:

2-FLUOROBIPHENYL(43-116)
2-FLUOROPHENOL (21-100)

66* TERPHENYL-dl4 (33-141) 65':
29:; 2,4,(i-TRIBROMOPHENOL( 10-123) 23?:

J.
I

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF G1C LIMITS



SOUTHWESTJLABORATORY OF OKLAHOMA, INC
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-221-2858

IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2397.04M

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO tt 2397.04
DATE SUBMITTED: 04-1B-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW103

*
AMETER

SAL CYANIDE

AL METALS

JENIC
D
CURY

3LENIUM
ALLIUM
TIMONY

BERYLLIUM
"TiDMIUM
JROMIUM
COPPER

JCKEL
LVER
NC

1

1

1•W-A o #EPA600/ 4-79-020,
ND = NOT DETECTED ABOVE

DET.
LIMIT

0.01

10.0
3.0
0.2
5.0
10.0
30.0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

MARCH 1985
QUANT I TAT I ON

UNIT

mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

LIMIT

RESULTS

ND

ND
ND
ND
ND
ND
34.5
ND
ND
ND
43
ND
ND
34.1

DATE
ANALYZED

04-27-90

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

METHOD
REFERENCE

SM 412D

EPA 206.2
EPA 239.2
EPA 245.1
EPA 270.2
EPA 279.2
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

"|p = STANDARD METHOD, 16TH EDITION

1

1

1



•I
A

I
1

3

I

I

SOUTHWEST .LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" • Broken Arrow, Oklahoma 74012 . 918-251-2858

IENT: DAMES & MOORE REPORT: 2397.04H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 03-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLQ # 2397.04
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-03-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW103

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 84.37.

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I SOUTHWEST LABORATORY OF OKLAHOMA, INC.
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I

1
1

1
1
I
i
i
i

IIENT: DAMES & MOORE REPORT: 2397.04P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 03-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO t» 2397.04
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 03-02-90
METHOD REFERENCE: SU846-B080, EPA METHODOLOGY
SAMPLE ID: MU103

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAC!MA-BHC(LINDANE} 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.1 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.1 ND
AROCHLOR-1260 1.1 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 61*

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA,
7700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

DARES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTNl DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO « 2397.04
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-20-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW103

REPORT: 2397.04V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

VOLATILE5UOLATILES

trJOROMETHANE
3ROMOMETHANE

1YL CHLORIDE
OROETHANE
HYLENE CHLORIDE

IT ONE
BON DISULFIDE
-DICHLOROETHENE

1,1-DICHLOROETHANE
":"lANS-l ,2-DICHLOROETHENE
.M.OROFORM
1^2-DICHLOROETHANE

3UTANONE
L,1-TRICHLOROETHANE
*BON TETRACHLORIDE

VINYL ACETATE
ItlMODICHLOROMETHANE

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

26
17

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
B

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1.3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLQROETHENE
TOLUENE
CHLORQBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIMIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
3
5
5
3
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
10

1
1
J

I

I

I

OA/QC SURROGATE RECOVERIES

UENE-d8(88-110) 99* BROMOFLUOROBENZENE(86-115) l,2-DICHLOROETHANE-d4(76-114) 93*

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

4 MOORE
BORMAN DRIVE, SUITE 340

LOUIS, MO 63146
DAVID PURINGTON

MATRIX: WATER
ft 2397.04
hD REF.: SW846-8270, EPA METHODOLOGY

:OKCT: 19943 - 002; FORD EARTH CITY
>LE ID: MU103

REPORT: 2397.04B

DATE: 05-08-90

JOLATILES

E-CHLOROETHYDETHER
ILOROPHENOL
ICHLOROBENZENE

_ ICHLOROBENZENE

i
YL ALCOHOL
DICHLOROBENZENE
THYLPHENOL
2-CHLOROISOPROPYL)ETHER

JETHYLPHENOL
H|TROSO-DI-n-PROPYLAMINE
EWCHLOROETHANE

iOBENZENE
HORONE
TROPHENOL

-DIMETHYLPHENOL
:oic ACID
2-CHLOROETHOXY)METHANE
•DICHLOROPHENOL
4-TRICHLOROBENZENE
ITHALENE
ILOROANILINE

iACHLOROBUTADIENE
ILORO-3-METHYLPHENOL
:THYLNAPHTHALENE

:ACHLOROCYCLOPENTADIENE
,6-TRICHLOROPHENOL
,5-TRICHLOROPHENOL

IHLORONAPHTHALENE
IITROANILINE
IETHYLPHTHALATE

^NAPHTHYLENE
IITROANILINE

DET. RESULTS
LIHIT (uo/L)

i^-

I
I

ROBENZENE-d5(j5-114)
NOL-d5 (10-94)

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

I

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEHIVQLATILE5

04-18-90
04-19-90
04-24-90

DET. RESULTS
LIHIT (uo/L)

ACENAPHTHENE 10
2,4-DINITRQPHENOL 50
4-NITROPHENOL 50
DIBENZOFURAN 10
2,4-DINITROTOLUENE 10
2,6-DINITROTOLUENE 10
DIETHYLPHTHALATE 10
4-CHLOROPHENYL-PHENYLETHER 10
FLUORENE 10
4-NITROANILINE 50
4,6-DINITRO 2-METHYLPHENOL 50
N-NITROSODIP'HENYLAMINE(l) 10
4-BROMOPHENYL-PHENYLETHER 10
HEXACHLOROBENZENE 10
PENTACHLOROPHENOL 10
PHENANTHRENE 10
ANTHRACENE 10
DI-N-BUTYLPHTHALATE 10
FLUORANTHENE 10
PYRENE 10
BUTYLBENZYLPHTHALATE 10
3,3-DICHLOROBENZIDINE 20
BENZO(A)ANTHRACENE 10
BIS(2-ETHYLHEXYL)PHTHALATE 10
CHRYSENE 10
DI-N-OCTYL PHTHALATE 10
BENZO(B)FLUORANTHENE 10
BENZO(K)FLUORANTHENE 10
BENZO(A)PYRENE 10
INDENOd, 2,3-CD) PYRENE 10
DIBENZ(A,H)ANTHRACENE 10
BENZO(G,H,I)PERYLENE 10

78:
52:

OA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 75':
2-FLUOROPHENOL (21-100) 34*

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TERPHENYL-dl4 C[33-141)
:,4,6-TRIBROMOPHENOL( 10-123) 30:

• NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWESTJLABORATORY OF OKLAHOMA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

7IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2397.05M

DATE: 05-07-90

SAMPLE MATRIX: WATER
SWLO # 2397.05
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW104

•PARAMETER
DET.
LIMIT UNIT RESULTS

DATE
ANALYZED

METHOD
REFERENCE

fTAL CYANIDE

jlTflL METALS

IsENIC

iRCURY
;LENIUM

•THALLIUM
»

Tf
CA

~*|H
JD
WI

RYLLIUM
ADMIUM

ROMIUM
PPER

ICKEL

INC

0.01 mg/L ND 04-27-90 SM 412D

10.0
3.0
0.2
5.0
10.0
30 . 0
5.0
5.0
5.0
10.0
10.0
10.0
10.0

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
131
ND
ND
40.7

05-02-90
05-01-90
04-25-90
05-02-90
05-01-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90
04-25-90

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

206 . 2
239.2
245.1
270.2
279.2
200 . 7
200 . 7
200 . 7
200 . 7
200 . 7
200.7
200.7
200.7

*EPA600/4-79-020, MARCH 1985
NOT DETECTED ABOVE QUANTITATION LIMIT
STANDARD METHOD, 16TH EDITION

i
i



SOUTHWEST LABORATORY OF
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I

1
£-«

fc^i

I

.IENT: DAMES & MOORE REPORT: 2397.05H
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO 3 2397.05
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-03-90
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW104

RESULTS REPORTED IN ug/L OR Parts Per Billion

DET.
HERBICIDES LIMIT RESULTS

2,4-D 1.0 ND
2,4,5-TP (SILVEX) 0.2 ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 79.6V.

|ND = NOT DETECTED ABOVE OUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

,B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I
I



1

1

1
1
i
I

SOUTHWEST JLABORATORY OF OKLAHOMA, INC,
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ILIENT: DAHES 4 MOORE REPORT: 2397.05P
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146 DATE: 05-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO » 2397.03
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 03-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: MU104

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 54*

ND = NOT DETECTED ABOVE QUANTITATIQN LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

-|NT:

I

DAMES 4 MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt 2397.05
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SU846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MU104

REPORT: 2397.05V

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

i
I

lATILES
DET,
LIMIT RESULTS

OROMETHANE
MOHETHANE
IYL CHLORIDE

CfltOROETHANE
*£THYLENE CHLORIDE

JTONE
BON DISULFIDE

1,1-DICHLOROETHENE«"" -DICHLOROETHANENS-1,2-DICHLOROETHENE
OROFORM

K' --DICHLOROETHANEUTANONE
,1-TRICHLOROETHANE

CARBON TETRACHLORIDE
ACETATE

OMODICHLOROMETHANE

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

1 JB
5 JB

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1

DET.
VOLATILES LIMIT RESULTS

1,1,2,2-TETRACHLOROETHANE 5 ND
1,2-DICHLOROPROPANE 5 ND
TRANS-1,3-DICHLOROPROPENE 5 ND
TRICHLOROETHENE 5 ND
DIBROMOCHLOROMETHANE 5 ND
1,1,2-TRICHLOROETHANE 5 ND
BENZENE 5 ND
CIS-l.o-DICHLOROPROPENE 5 ND
2-CHLOROETHYLVINYLETHER 10 ND
BROMOFORM 5 ND
2-HEXANONE 10 ND
4-METHYL-2-PENTANONE 10 ND
TETRACHLOROETHENE 5 ND
TOLUENE 5 ND
CHLOROBENZENE 5 ND
ETHYLBENZENE 5 ND
STYRENE 5 ND
TOTAL XYLENES 5 ND

QA/QC SURROGATE RECOVERIES

_TQLUENE-d8(88-110) 103V. BROMOFLUOROBENZENE(86-115) 95* l,2-DICHLOROETHANE-d4(76-114)

I
ND

I

I

I

I

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany'. Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

d| & HOORE
A BORMAN DRIVE, SUITE
.GUIS, HO 63146

DAVID PURINGTON

340

I
*

.1

WATER!E MATRIX:
tf 2397.05

JD REF.: SW846-8270, EPA PIETHODOLOGY
CT: 19943 - 002; FORD EARTH CITY

"_E ID: MW104

IOLATILE5
DET. RESULTS
LIMIT (ud/L)

.OROPHENOL

t lCHLOROBENZENE
ICHLOROBENZENE

*"YL ALCOHOL
J)ICHLOROBENZENE

WHYLPHENOL
;"-CHLOROISOPROPYL) ETHER
JHYLPHENOL

•WROSO-DI-n-PROPYLAniNE
JCHLOROETHANE

J'~ BENZENEORONE
ROPHENOL

s-DIMETHYLPHENOL

<IC ACID
-CHLOROETHOXY)METHANE
ICHLOROPHENOL

J4-TRICHLOROBENZENE
JTHALENE
MLOROANILINE
^-TCHLOROBUTADIENE
•.ORO-3-METHYLPHENOL
njTHYLNAPHTHALENE
L$CHLOROCYCLOPENTADIENE

>-TRICHLOROPHENOL
S-TRICHLOROPHENOL

ILORONAPHTHALENE
"TTROANILINE
•THYLPHTHALATE

•-•APHTHYLENE
-UiTROANILINE

JL̂ CF

Mil

tillI

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2397.05B

DATE: 05-08-90

DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 04-24-90

SEHIVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

OBENZENE-d5(35-114) 80*
lOL-d5 (10-94) 48*

QA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 75*
2-FLUOROPHENOL (21-100) 32*

DET. RESULTS
LIMIT (ug/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TERPHENYL-dl4 (
2,4,6-TRIBROnOPHENOL(

33-141)
10-123)

75*
40*

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C* . Broken Arrow, Oklahoma 74012 . 918-251-2858

"JjLIENT: DAMES & nOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVID PURINGTON

REPORT: 2397.06V

DATE: 05-08-90

SAMPLE MATRIX: WATER
SULO » 2397.06
DATE SUBMITTED: 04-18-90
DATE ANALYZED : 04-18-90
METHOD REFERENCE:
PROJECT: 19943 -
SAMPLE ID: TR-2

SW846-8240, EPA
002: FORD EARTH

METHODOLOGY
CITY

1
I

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

OLATILE5
DET.
LIMIT RESULTS

,HLOROMETHANE
•-BROnOMETHANE

t lNYL CHLORIDE
HLOROETHANE

^.METHYLENE CHLORIDE

tCETONE
ARSON DISULFIDE

1,1-DICHLOROETHENE
--JM-DICHLOROETHANE

•TRANS-l,2-DICHLOROETHENE
"CHLOROFORM

il^-DICHLOROETHANE
J-BUTANONE

ll,1,1-TRICHLOROETHANE
CARBON TETRACHLORIDE

" 'INYL ACETATE
3ROMODICHLOROMETHANE

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

18 B
JB

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DET.
VOLATILE5 LIMIT

1,1,2,2-TETRACHLOROETHANE 5
1,2-DICHLOROPROPANE 5
TRANS-l, 3-DICHLOROPROPENE 5
TRICHLOROETHENE 5
DIBROMOCHLOROMETHANE 5
1,1,2-TRICHLOROETHANE 5
BENZENE 5
CIS-1, 3-DICHLOROPROPENE 5
2-CHLOROETHYLVINYLETHER 10
BROMOFORM 5
2-HEXANONE 10
4-METHYL-2-PENTANONE 10
TETRACHLOROETHENE 5
TOLUENE 5
CHLOROBENZENE 5
ETHYLBENZENE 5
STYRENE 5
TOTAL XYLENES 5

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

_to,TOLUENE-d8(88-110)

I

i
l
I
i

BROMOFLUOROBENZENE(86-115) l,2-DICHLOROETHANE-d4(76-114)

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOiMA, IINL,.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 913-251-2858

ANALYTICAL REPORT

[S & MOORE

1701 Borman Drive
. Louis. Missouri 63149

i
J" MPTE

ILO IDENTIFICATION

LE NO. :
TE RECEIVED:

2397.01 - 2397.06
04/18/90

REPORT: G2704

REPORT DATE: 05/03/90

i
DESCRIPTION

LTHOD BLANK 05/01/90
[THOD BLANK 05/01/90

JLANK SPIKE
LAWK SPIKE

BLANK SPIKE
flLANK SPIKE

05/01/90
05/01/90
05/01/90
05/01/90

QA/.QC.

PARAMETER

LEAD
THALLIUM

LEAD
LEAD
THALLIUM
THALLIUM

RESULTS

<3

99%
98%
98%
95%

ug/L
ug/L

RECOVERY
RECOVERY
RECOVERY
RECOVERY

1

1

I

1

I

I

I



SOUTHWEST LABORATORY OF OKLAHOMA, IISC.
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

JLIENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340

| ST. LOUIS, MO 63146
Ti ATTN: DAVID PURINGTON

i SAMPLE MATRIX: WATER
SWLO * 2397.03 (MS/MSD)
SAMPLE ID: MW108 (MS/MSD)

REPORT: G2704.2

DATE: 03-08-90

HERBICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS

i SPIKE ADDED
(ug/L)

•2,4-D 166.7
t,4,5-TP (SILVEX) 16.7

AMT. FOUND
SMP. (ug/L)

0
0

AMT. FOUND
MS (ug/L)

129.5
14.8

MS
PERCENT
RECOVERY

77.7
88.6

1

|

-2,4-D
l2,4,5-TP (SILVEX)

AMT. FOUND
MSD (ug/L)

124.8
14.3

MSD
PERCENT
RECOVERY

74.9
85.6

RECOVERY PERCENT
DIFFERENCE

3.7
3.4

I
1
I
I
j



1

1

1

SOUTHWEST LABORATORY OF OKJLAJtiUiMA,
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

J

I
I
I
I
I
j
I
I
I
I

LIENT: DANES & MOORE REPORT: G2704.3
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146 DATE: 03-08-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO tt METHOD BLANK
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
SAMPLE ID: BLANK

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIHIT RESULTS

ALPHA-BHC 0.05 ND
BETA-BHC 0.05 ND
DELTA-BHC 0.05 ND
GAMMA-BHC(LINDANE) 0.05 ND
HEPTACHLOR 0.05 ND
ALDRIN 0.05 ND
HEPTACHLOR EPOXIDE 0.05 ' ND
ENDOSULFAN I 0.05 ND
DIELDRIN 0.1 ND
4,4-DDE 0.1 ND
ENDRIN 0.1 ND
ENDOSULFAN II 0.1 ND
4,4-DDD 0.1 ND
ENDOSULFAN SULFATE 0.1 ND
4,4-DDT 0.1 ND
METHOXYCHLOR 0.5 ND
ENDRIN KETONE 0.1 ND
ALPHA-CHLORDANE 0.5 ND
GAMMA-CHLORDANE 0.5 ND
TOXAPHENE 1.0 ND
AROCHLOR-1016 0.5 ND
AROCHLOR-1221 0.5 ND
AROCHLOR-1232 0.5 ND
AROCHLOR-1242 0.5 ND
AROCHLOR-1248 0.5 ND
AROCHLOR-1254 1.0 ND
AROCHLOR-1260 1.0 ND

OA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-154) 95V.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



J ~700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

,IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVE PURINGTON

REPORT: G2704.4

DATE: 05-08-90

SAMPLE MATRIX: WATER
SWLO * 2397.01 (MS/MSD)
DATE SUBMITTED: 04-18-90
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW110 (MS/MSD)

PESTICIDE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RESULTS

1 SPIKE ADDED AMT. FOUND (SAMPLE) AMT. FOUND (MS]
• (ug/L) (ug/L) (ug/L)

FMMA-BHC
EPTACHLOR
-DRIN
IELDRIN
NDRIN
,4' -DDT

0.40
0.40
0 . 40
1.00
1.00
1.00

0
0
0
0
0
0

0.45
0.44
0.43
1.20
1.30
1.30

MS
PERCENT
RECOVERY

112.57.
110.07.
107.57.
120.07.
130.07.
130.07.

AMMA-BHC
1EPTACHLOR
LDRIN
HELDRIN
iNDRIN
•,4'-DDT

AMT. FOUND (MSD)
(ug/L)

0.40
0.41
0.38
1.10
1.10
1.20

MSD
PERCENT
RECOVERY

100.07.
102.57.
9S.07.
110.07.
110.07.
120.07.

RELATIVE
PERCENT

DIFFERENCE

11.87.
7.17.7.
12.37.
8 . 77.
16.77.
8 . 07.



I
SOUTHWEST LABORATORY OF OKLAJtiuiviA,

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•<T.IENT: DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO &314&
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SULO t» METHOD BLANK
DATE ANALYZED : 04-18-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002? FORD EARTH CITY
SAMPLE ID: METHOD BLANK

REPORT: G2704.5

DATE: 05-08-90

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPB)

JLATILE5

ILOROMETHANEOMOMETHANE
NYL CHLORIDE
rILOROETHANE
iTHYLENE CHLORIDE

1'^RBON DISULFIDE,1-DICHLOROETHENE
,1-DICHLOROETHANE

TRANS-1 ,2-DICHLOROETHENE
"CHLOROFORM
-•,2-DICHLOROETHANE
"-BUTANONE»,1,1-TRICHLOROETHANE
ARSON TETRACHLORIDE
INYL ACETATE

— JROMODICHLOROMETHANEJ

DET.
LIMIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DET.
VOLATILES LIHIT RESULTS

1,1,2,2-TETRACHLOROETHANE 5 ND
1,2-DICHLOROPROPANE 5 ND
TRANS-1,3-DICHLOROPROPENE 5 ND
TRICHLOROETHENE 5 ND
DIBROMOCHLOROMETHANE 5 ND
1,1,2-TRICHLOROETHANE 5 ND
BENZENE 5 ND
CIS-1,3-DICHLOROPROPENE 5 ND
2-CHLOROETHYLVINYLETHER 10 ND
BROMOFORM 5 ND
2-HEXANONE 10 ND
4-METHYL-2-PENTANONE 10 ND
TETRACHLOROETHENE 5 ND
TOLUENE 5 ND
CHLOROBENZENE 5 ND
ETHYLBENZENE 5 ND
STYRENE 5 ND
TOTAL XYLENES 5 ND

QA/QC SURROGATE RECOVERIES

OLUENE-d8(88-110) 100* BROMOFLUOROBENZENE(86-115) 86* l,2-DICHLOROETHANE-d4(76-114)

r NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS

i
i



JL.TIYY -dO Jl ^JUnLJJVfJLVTXA V^-LVA
1700 W. Albany • Suite "C* . flroten Xmw, Oklahoma 74012 918-251-2858

-I
<••

1

IENT: DAMES & MOORE
11701 BQRMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

SAMPLE MATRIX: WATER
SWLO tt METHOD BLANK
DATE ANALYZED : 04-20-90
METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: METHOD BLANK

REPORT: G2704.6

DATE: 05-08-90

RESULTS REPORTED IN uq/L OR Parts Per Billion (PPB)

"•OLATILES

4™ HLOROMETHANE
ROMOMETHANE
INYL CHLORIDE

"•CHLOROETHANE

^

ETHYLENE CHLORIDE
CETONE

»CARBON DISULFIDE
^,1-DICHLORQETHENJE

-M.l-DICHLOROETHANE
n^RANS-l,2-DICHLOROETHENE

-"•CHLOROFORM

t ^-DICHLOROETHANE
-BUTANONE

na1,1,1-TRICHLOROETHANE

f ARSON TETRACHLORIDE
INYL ACETATE

_ BROHQDICHLOROMETHANE

DET.
LIHIT RESULTS

10
10
10
10
5
10
5
5
5
5
5
5
10
5
5
10
5

ND
ND
ND
ND

4 J
4 J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

VOLATILES

1,1,2,2-TETRACHLOROETHANE
1,2-DICHLOROPROPANE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
DIBROMOCHLOROMETHANE
1,1,2-TRICHLOROETHANE
BENZENE
CIS-1,3-DICHLOROPROPENE
2-CHLOROETHYLVINYLETHER
BROMOFORM
2-HEXANONE
4-METHYL-2-PENTANONE
TETRACHLOROETHENE
TOLUENE
CHLOROBENZENE
ETHYLBENZENE
STYRENE
TOTAL XYLENES

DET.
LIHIT RESULTS

5
5
5
5
5
5
5
5
10
5
10
10
5
5
5
5
5
5

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I
1
I
i
i

ND =
J =
B =

OA/QC SURROGATE RECOVERIES

99Ti BROMOFLUOROBENZENE(86-115) 94:.' l,2-DICHLOROETHANE-d4(76-114) 97*

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



i

1
i
1
1

1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

REPORT: G2704.7

DATE: 05-08-90

DAMES & MOORE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, MO 63146
ATTN: DAVE PURINGTON

SAMPLE MATRIX: WATER
SWLO « 2397.05 (HS/HSD)
DATE SUBMITTED: 04-18-90
SAMPLE ID: MW104 (MS/MSD)

MATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

-DICHLOROETHENE
CHLOROETHENE

TOLUENE
^OROBENZENE

50
50
50
50
50

SAMPLE
CONCENTRATION

US
CONCENTRATION

(UQ/L)

MS
PERCENT
RECOVERY

QC
LIMITS
RECOVERY

0
0
0
0
0

58
54
60
57
54

116
108
120
114
108

61
71
76
76
75

145
120
127
125
130

IMPOUND

SPIKE «SD MSD
ADDED CONCENTRATION PERCENT PERCENT QC LIMITS
(UQ/L) (UQ/L) RECOVERY RPD RPP REC.

_L-DICHLOROETHENE
TRICHLOROETHENE
--3WZENE

1.UENE

CW.OROBENZENE

1

1

i
**-*̂

i
i

50
50
50
50
50

LUES OUTSIDE OF QC LIMITS

56
54
57
56
54

102
108
114
112
108

4
0
5

14 61 -
14 71 -
11 76 -
13 76 -
13 75 -

145
120
127
125
130



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, OklaJioma 74012 . 918-251-2858

4 MOORE
BORMAN DRIVE, SUITE 340

"GUIS, NO 63146
DAVID PURINGTON

MATRIX: WATER
METHOD BLANK

ID REF.: SW846-B270, EPA METHODOLOGY
•DJKTi 19943 - 002; FORD EARTH CITY

ID: METHOD BLANK

REPORT: G2704.8

DATE: 05-08-90

1
i
~LC

1
Tfl

-i1
S
1xl&

EBL
S H-CHLOROETHYL)ETHER

iLOROPHENOL
ICHLOROBENZENE

4«ICHLOROBENZENE
~.YL ALCOHOL

rflCHLOROBENZENE
i«HYLPHENOL
Sn-CHLOROISOPROPYL) ETHER

HYLPHENOL
ROSO-DI-n-PROPYLAMINE

XitHLOROETHANE

SBENZENE
ORONE
ROPHENOL

_A,DIMETHYLPHENOL
MIC ACID

ioK-CHLOROETHOXY) METHANE
,4%ICHLOROPHENOL
"14-TRICHLOROBENZENE
.JTHALENE
-JLOROANILINE
r"£CHLOROBUTADIENE

JLORO-3-METHYLPHENOL
-"nBTHYLNAPHTHALENE
IXACHLOROCYCLOPENTADIENE

-TRICHLOROPHENOL
-TRICHLOROPHENOL
ORONAPHTHALENE

TROANILINE
HYLPHTHALATE
PHTHYLENE

.-^TROANILINE

DET.
LIMIT

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50

RESULTS
(UQ/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE EXTRACTED:
DATE ANALYZED :

04-19-90
04-23-90

SEHIVQLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZQ(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PfRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (uq/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
^

ND
ND
ND
ND
ND
ND
ND
ND

I

-TO

I

1

QA/QC SURROGATE RECOVERIES

|
03ENZENE-d5(35-114) 79': 2-FLUOROBIPHENYL(43-116) 69^ TERPHENYL-dl4 (33-141)
OL-d5 (10-94) 8S:; 2-FLUOROPHENOL (21-100) 69:: 2,4,6-TRIBROMOPHENOL( 10-123)

94M

NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF CIC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA,
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

& MOORE
BORMAN DRIVE, SUITE 340

"LOUIS, MO 63146
i: DAVID PURINGTQN

.£ MATRIX: WATER
|0 tt METHOD BLANK

£"•00 REF.: SU846-8270, EPA METHODOLOGY
l»ECT: 19943 - 002; FORD EARTH CITY
IPLE ID: METHOD BLANK

DET. RESULTS
[VDLATILES LIMIT (uo/L)

L 10 ND
-CHLOROETHYDETHER 10 ND

HLOROPHENOL 10 ND
DICHLOROBENZENE 10 ND
DICHLOROBENZENE 10 ND

IZYL ALCOHOL 10 ND
DICHLOROBENZENE 10 ND
THYLPHENOL 10 ND
'(2-CHLOROISOPROPYDETHER 10 ND
THYLPHENOL 10 ND
ITROSO-DI-n-PROPYLAMINE 10 ND
CHLOROETHANE 10 ND

ROBENZENE 10 ND
[PHORONE 10 ND
ITROPHENOL 10 ND
-DIMETHYLPHENOL 10 ND
ZOIC ACID 50 ND
(2-CHLOROETHOXY)JlETHANE 10 ND
-DICHLOROPHENOL 10 ND
,4-TRICHLOROBENZENE 10 ND
HTHALENE 10 ND
HLOROANILINE 10 ND
ACHLOROBUTADIENE 10 ND
HLORO-3-METHYLPHENOL 10 ND
ETHYLNAPHTHALENE 10 ND
ACHLOROCYCLOPENTADIENE 10 ND
,6-TRICHLOROPHENOL 10 ND
,5-TRICHLOROPHENOL 50 ND
HLORONAPHTHALENE 10 ND
ITROANILINE 50 ND
ETHYLPHTHALATE 10 ND
NAPHTHYLENE 10 ND
NITRQANILINE 50 ND

REPORT: G2704.9

DATE: 05-08-90

1

1
I

DATE EXTRACTED:
DATE ANALYZED :

04-24-90
04-25-90

SEHIVDLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITR0.2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO<1,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

TROBENZENE-d5(35-114)
ENOL-d5 (10-94)

60M

QA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(43-116) 58M
2-FLUOROPHENOL (21-100) 4ir;

DET. RESULTS
LIMIT (gg/L)

10
50
50
10
10
10
10
10
10
50
50
10
10
10
10
10
10
10
10
10
10
20
10
10
10
10
10
10
10
10
10
10

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TERPHENYL-dl4 ([33-141) 80:
2,4,6-TRIBROMOPHENOL(10-123) 65:

s NOT DETECTED ABOVE C1UANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELQU LIMIT OF CIUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I

SOUTHWEST LABORATORY OF OKLAHOMA, IINC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ENT: DAMES & P100RE
11701 BORMAN DRIVE, SUITE 340
ST. LOUIS, HO 63146
ATTN: DAVID PURINGTON

REPORT: G2704.10

DATE: 05-08-90

SAI1PLE MATRIX: WATER
SWLO tt 2397.02 (IIS/USD)
DATE SUBMITTED: 04-18-90
DATE EXTRACTED: 04-19-90
DATE ANALYZED : 04-24-90
METHOD REFERENCE: SW846-S270, EPA METHODOLOGY
PROJECT: 19943 - 002; FORD EARTH CITY
SAMPLE ID: MW102 (MS/MSD)

SOIL 5E11IVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

1
iPOUND

NOL
- '-CHLOROPHENOL
J&-DICHLOROBENZENE
MlITROSO-ai-n-PROPYLAMINE
.77 , 4-TRICHLQROBENZENE

""JHLORO-3-METHYLPHENOL
MNAPHTHENE
WJITROPHENOL
-^-DINITROTOLUENE
•JTACHLOROPHENOL

-f*ENE

1̂
H

--TIPOUND

•'-WNOL
Jl=pLOROPHENOL
•p-DICHLOROBENZENE
WjITROSO-di-n-PROPYLAMINE
1,2 , 4-TRICHLOROBENZENEgHLORO-3-METHYLPHENOL

NAPHTHENE
ITROPHENOL

-"M-DINITROTOLUENE
•JTACHLOROPHENOL
*̂ Ĉi PL IP•̂ icNE

SPIKE
ADDED
(ua/L)

200
200
100
100
100
200
100
200
100
200
100

SPIKE
ADDED
(ua/Ka)

200
200
100
100
100
200
100
200
100
200
100

SAMPLE
CONCENTRATION

0
0
0
0
0
0
0
0
0
0
0

MSD
CONCENTRATION

fua/Ka)

123

7&
50
70
119
77
188
86
117
79

MS MS
CONCENTRATION PERCENT

(ua/L) RECOVERY

115
120
67
56
68
122
78
179
90
104
78

MSD
PERCENT
RECOVERY

62
58
76
50
70
60
77
94*
86
58
79

58
60
67
56
68
61
78
90*
90
52
78

PERCENT
RPD

7
3
12
11
3
2
1
4
4
11
1

QC
RPT>

35
50
27
38
23
33
19
50
47
47
36

QC
LIMITS

RECOVERY

26 -
25 -
28 -
41 -
38 -
26 -
31 -
11 -
28 -
17 -
35 -

LIMITS

90
102
104
126
107
103
137
114
89
109
142

RECOVERY

26 -
25 -
28 -
41 -
38 -
26 -
31 -
11 -
28 -
17 -
35 -

90
102
104
126
107
103
137
114
89
109
142

I
I

LUES OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY
OF OKLAHOMA, INC.

f

I

May 3, 1990

Dave Purington
DAME3 •:< MOORE
11701 Ecrman Drive
St. Louis, MO 63146

Project: Earth City

Dear Mr. Purington:

Enclosed are the analytical results for your samples
received in cur laboratory en April 13, 1990, fcr the above-
captioned project.

If, in your review, you should have any questions or r3quire
additional information, please call.

Sincerely,

Randy Staggs
Project Manager

RS/lk

Enclosures

04 1S9Q

ST. LOUIS. MISSOURI

1700 WEST ALBANY. SUITE C • BROKEN ARROW. OK 74012
(918)251-2858 • FAX (918) 251-2599



DAMES & MOORE Cl IAIN-OF-CUSTODY RECORD

Sample Source & Cllenl f^i^.J> (j£ ^f^^ £.^~fc~&z

Pro joc l T l l lo C^^/f], C'' (--)

D n l o

V/ll

1

•
\
\

.Tlmo

/

/

_^

Sample
I.D. No. :•

RkG-
•sy
33

Co*\P*
Co^p Ir

/^\
/ \

/ 1
/ \

\
•

Re) 1 nqul alictl byl
• ( S i g n a t u r e )

Te 1 1 \ \ f \ \ t i a f i ed byl
( S i g n a t u r e )

Re 1 1 i v j u l abcJ byl
( S i g n a t u r e )

Date

Date

Date

Time

Tina

Tina

Snmplo
Typo

J^l |

S-£*cJL * A^*^V *

$*&(. *-̂ d
So, [

i

\ X

No. ol
Conta ine r s

3
3
£ i

3
-}

/
xxx

X
/

Kccelve i l byl
( / j l S l k n a t u r a )

WLvtJP/f, fri^(/^\
l lccclvct l liyi
( S i g n a t u r e )

•

K ^ c c l v c i l by !
( S i g n a t u r e )

Date

%v
U n t o

D a t a

Tine

Tine

T i m e

Joh No. / *?*7*S3~OO ~t__

Snmpllno Site

•

" — x
A

\
\ •
\
\ •x~- — -^

.

Flold Porsonnol .CSlQnatufB) .• \

Remarks

"7" P// i-"' V. RJ./lvl, .M.I C^>
i i / / i

f

« •

/ '

/

/:/
^

t -
llel I n q t i l alied byl Data Tlma R e c e i v e d byl D a t e . Tine

(Signa ture) (Signature)
i •

Hel I n q u l ohcd by! Date Tine R e c e i v e d by l Da te Tine
( S l g l i n t n r e ) • . (S igna tu re )

Rcl 1 n q n l olicJ by! D a t e Time Rece ived by! Date t ine
( S i g n a t u r e ) (Signature)



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO * 2371.01
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: BKG

DET.
PARAMETER LIMIT UNIT

REPORT: 2371.01MT

DATE: 05-03-90

RESULTS
DATE
ANALYZED

METHOD
REFERENCE

TOTAL CYANIDES

TOTAL METALS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

1.0 ug/Kg ND 04-27-90 SM 412D

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

5. SO
17.4

• ND
ND
ND
6.9
ND
1.1
14.5
24.0
18.0
ND
61.6

04-25-90
04-19-90
04-13-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

sw
sw
sw
SW
sw
sw
sw
sw
sw
sw
sw
sw
sw

7060
7421
7471
7740
7841
6010
6010
6010
6010
6010
6010
6010
6010

ND
SW

SM

= NOT DETECTED ABOVE QUANTITATION LIMIT
= TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION *SWS46,

THIRD EDITION, NOVEMBER 1986
= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,

16TH EDITION, 1985



iI1ii
iI

SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES *< MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.01
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: BKG

REPORT: 2371.0IT

DATE: 05-03-90

"1 DET .
- BJ>ARAMETER LIMIT UNIT RESULTS

DATE
EXTRACTED

DATE METHOD
ANALYZED REFERENCE

- TOTAL EXTRACTABLE HYDROCARBONS

-•'•GASOLINE i.o mg/Kg ND
- ^DIESEL 1.0 mg/Kg ND

KEROSENE l.<
-" KlP-4 l.i
•NAPTHA 1.1
BUNKER C/#6 FUEL OIL l.i

, MISCELLANEOUS (1) l.i

) mg/Kg ND
) mg/Kg ND
) mg/Kg ND
i mg/Kg ND
) mg/Kg 14.9

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-20-90 GC/FID
04-2D-90 GC/FID
04-2U-90 GC/FID
04-2U-90 GC/FID
04-2o-90 GC/FID
04-20-90 GC/FID
04-2o-90 GC/FID

II?II
I
I1
I1

QA/QC SURROGATE RECOVERY

NAPHTHALENE 1027.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



I
4
4

SOUTHWEST,LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

'-I

f

I

LIENT: DAMES & MOORE, INC. REPORT: 2371.01H
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO * 2371.01
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SWS46-B130, EPA METHODOLOGY
SAMPLE ID: BKG

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

IJERBICIDES 1

»-,4-D,4,5-TP (SILVEX)

1

f

1

DET.
LIMIT UNIT

80.0 ug/Kg
10.0 ug/Kg

-QA/QC SURROGATE RECOVERY

RESULTS

ND
ND

2,4,5-T (10-93) 94.27.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
.J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

J = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
= SURROGATE RECOVERY OUTSIDE OF QC LIMITSi



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

"7LIENT: DAI1ES ft . M O O R E , INC. REPORT: 2371.OlP
11701 B O R M A N D R I V E
ST. LOUIS, MO 63149 « DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX:
SULO H 2371.01
DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE
PROJECT: EARTH CITY
SAMPLE ID: BKG

SOIL

04-13-90
04-17-90
05-02-90
SU846-8080, EPA METHODOLOGY

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

¥
I
V
¥
I

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDANE)
DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAI1MA-CHLORDANE
TOXAPHENE

AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

17.
17.
17.
17.
17.
17.
17.
17.
17.
34.5
34.?
34.5
34.5
34.5
34.5
34.5
172.4
172.4
172.4
344.8
172.4
172.4
172.4
172.4
172.4
344.3
344.8

QA/QC SURROGATE RECOVERIES

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DIBUTYLCHLORENDATE (24-150) 89::

ND = MOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS '



SOUTHWEST JABORATORY OF OKLAHOMA, INC.
2700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

4 MOORE, INC.
BORMAN DRIVE

[LOUIS, MO 63149
DAVID PURINGTON

REPORT: 2371.01B

DATE: 05-03-90

>LE MATRIX: SOIL
2371.01

40D REF.: SU846-8;
JjECT: EARTH CITY
~>LE ID: BKG

I
IVOLATILES

170, EPA METHODOLOGY

DET.
LIMIT

660
660
660
660
660
660
660
660

1
•NOL
S.(2-CHLOROETHYL)ETHER

ULOROPHENOL
•I-DICHLOROBENZENE
B-DICHLOROBENZENE
~~|ZYL ALCOHOL

. J-DICHLOROBENZENE
•ETHYLPHENOL
*5(2-CHLOROISOPROPYL)ETHER 660

^JETHYLPHENOL 660
•aiTROSO-DI-n-PROPYLAMINE 660
•(ACHLOROETHANE 660

iROBENZENE 660
PHORONE 660
ITROPHENOL 660

'-DIMETHYLPHENOL 660
1ZOIC ACID 3200

I IS (2-CHLOROETHOXY)METHANE 660
J-DICHLOROPHENOL

1,4-TRICHLOROBENZENE

EHTHALENE
HLOROANILINE

•'"kACHLOROBUTADIENE
LfHLORO-3-tlETHYLPHENOL
IMETHYLNAPHTHALENE

|CACHLOROCYCLOPENTADIENE
»,6-TRICHLOROPHENOL
1,5-TRICHLOROPHENOL

JCHLORONAPHTHALENE

1ETHYLPHTHALATE
ENAPHTHYLENE
JITROANILINE

660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

RESULTS
(up/Kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-13-90

04-17-90

04-26-90

SEHIVQLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTQLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-nETHYLPHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3.3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZCA,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS

LIMIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

|*TRODENZENE-d 5 (23-120) 73
fiEMOL-d? (24-113) 85:

OA/QC SURROGATE RECOVERIES

-FLUOROBIPHENYL(30-115) 79:;
-FLUOROPHENOL (25-121) 69:;

TERPHENYL-dl4 (19-137) 83:
2,4 ,6-TRIEROHOPHENOL( 19-122) 33:

= MOT DETECTED APOVE QUANTISATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
- ANALYTE DETECTED IN BLANK AS WELL A3 SAMPLE

oURROfiATF. rvECOVERY OUTSIDE OF GC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

(CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO * 2371.02
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S4

REPORT: 2371.02MT

DATE: 05-03-90

PARAMETER

TOTAL CYANIDES

TOTAL METALS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

DET.
LIMIT

1

•»̂

0
0
o
0
6
1
1
1
~>
i
4.

2
4̂.

.0

.0

.6

.1

.4

.4

.0

.0

.0

.0

.0

.0

.0

.0

UNIT

ug/Kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

DATE
RESULTS ANALYZED

ND

5.60
17.8

- 0.18
ND
ND
6.7
ND
ND
13.1
23.0
16.3
ND
56.8

04-27-90

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

METHOD
REFERENCE

SM

SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW

412D

7060
7421
7471
7740
7841
6010
6010
6010
6010
6010
6010
6010
6010

ND
SW

SM

= NOT DETECTED ABOVE QUANTITATION LIMIT
= TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,
THIRD EDITION, NOVEMBER 1986

= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,
16TH EDITION, 1985



SOUTHWEST IABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.02
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S4

REPORT: 2371.02T

DATE: 05-03-90

KARAMETER

. I-\T/\I c vrn^rT/Mi

DET.
LIMIT

i cr uvnc'nr AC'Qf

UNIT

IMC

RESULTS
DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

3ASOLINE
IIE5EL

SEROSENE
P-4
AFTHA

,0
.. ,0

!:EROSENE i.o
"•jP-4 1.0
JjAFTHA 1.0

frUNKEF; C/S6 FUEL OIL 1.0
JlISCELLANEGUS (1) 1.0

1,
1
1
1
1 ,

mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg
mg/Kg

ND
ND
ND
ND
ND
ND
6.3

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
0^-19-90
04-19-90

04-20-90
04-20-90
04-2(
04-2'
04-2<
04— 2(

04-2(

i—90
i-90
>— 90
i - 9 0
)-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 10OV.

= ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.

= NOT DETECTED ABOVE OUANTITATION LIMIT
= COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



_!• SOUTHWEST LABORATORY OF OKLAHOMA, INC.
• 1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES & MOORE, INC. REPORT: 2371.02H
"L 11701 BORMAN DRIVE
• ST. LOUIS, MO 63149 DATE: 05-03-90
"• ATTN: DAVID PURINGTON

i

**

SAMPLE MATRIX: SOIL
SWLO # 2371.02
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SWS46-B150, EPA METHODOLOGY
SAMPLE ID: S4

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

1
I
fm

I

DET.
RBICIDES LIMIT UNIT . RESULTS

,4-D 80.0 ug/Kg ND
,4,5-TP (SILVEX) 10.0 ug/Kg ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 92.37.

•MO = NOT DETECTED ABOVE DUANTITATION LIMIT
ifJ = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION

IB = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS

_ v*

i ••

I



I

I

I
_M

I

I

I

I

I

I

I

SOUTHWEST.LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I.IENT: DAMES 4 MOORE, INC. REPORT: 2371.02P
11701 BORMAN DRIVE
ST. LOUIS, HO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SULO tt 2371.02
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: S4

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC 23.6 ND
BETA-BHC 23.6 ND
GAMMA-BHC(LINDANE) 23.6 ND
DELTA-BHC 23.6 ND
HEPTACHLOR 23.6 - ND
ALDRIN 23.6 ND
HEPTACHLOR EPOXIDE 23.6 ND
ENDQSULFAKI I 23.6 ND
4,4-DDE 23.6 ND
DIELDRIN 47.2 ND
ENDRIN 47.2 ND
ENDOSULFAN II 47.2 ND
4,4-DDD 47.2 ND
ENDOSULFAN SULFATE 47.2 ND
4,4-DDT 47.2 ND
ENDRIN KETONE 47.2 ND
METHOXYCHLOR 236.0 ND
ALPHA-CHLORDANE 236.0 ND
GAMMA-CHLORDANE 236.0 ND
TOXAPHENE 472.0 ND
AROCHLOR-1221 236.0 ND
AROCHLOR-1232 236.0 ND
AROCHLOR-1242 236.0 ND
AROCHLOR-1016 236.0 ND
AROCHLOR-1248 236.0 ND
AROCHLOR-1254 472.0 ND
AROCHLOR-1260 472.0 ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 88::

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOU LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



I SOUTHWEST IABORATORY OF OKLAHOMA, INC.
7700 W. Albany . Suite "O . Broken Arrow, Oklahoma 74012 . 918-251-2858

-MS & MOORE, INC.
m BORMAN DRIVE
~j_LOUIS, HO 63149
J|: DAVID PURINGTON

J1PLE MATRIX: SOIL

i ff 2371.02
OD REF.: SU846-8270,
ECT: EARTH CITY

-;?L£ ID: S4

_*IVOLATILES

—WOL

EPA METHODOLOGY

DET.
LIMIT

660
660
660
660
660
660
660
660

S(2-CHLOROETHYL)ETHER«LOROPHENOL
DICHLOROBENZENE
DICHLOROBEhlZENE

«"'ZYL ALCOHOL
-DICHLOROBENZENE
ETHYLPHENOL

rS(2-CHLOROISQPROPYL)ETHER 660
•ETHYLPHENOL 660

—•iTROSO-DI-n-PROPYLAnlNE 660
•IXACHLOROETHANE 660

JROBENZENE 660
PHORONE 660
ITROPHENOL 660

^4-DIMETHYLPHEMOL 660
^•JZOIC ACID 3200

P(2-CHLOROETHOXY)METHANE 660
,4-DICHLOROPHENOL

4,4-TRICHLOROBENZENE
HTHALENE
HLOROANILINE

.-££ACHLOROBUTADIENE
•:HLORO-3-METHYLPHENOL
WETHYLNAFHTHALENE

^EXACHLOROCYCLOPENTADIENE
»,6-TRICHLOROPHENOL
•4,5-TRICHLOROPHENOL

• ^CHLORONAPHTHALENE
^-JJNITROANILINE

•METHYLPHTHALATE
WENAPHTHYLENE
iNITROANILINEi
1
'i
I

660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

RESULTS
fug/Kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

140 .
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2371.02B

DATE: 05-03-90

DATE SUBMITTED;
DATE EXTRACTED:
DATE ANALYZED i

04-13-90
04-17-90
04-26-90

SEHIVQLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITRQPHENOL
DIBENZOFURAN
2,4-DINITROTOLUEME
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO -2-HETHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZEME
PENTACHLOROPHENCL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOU ,2,3-CD)PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET.
LIHIT

RESULTS
(ao/Kg)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND

65
ND
ND
ND
ND
ND
ND
ND
ND

40
ND

100
ND

30
50

ND
ND

190
ND
ND
ND
ND
ND
ND
ND
ND

J

J

J

J
J

J

TR03ENZEHE-d5(23-120) 83:;
ENOL-aS (24-113) 96:;

QA/QC SURROGATE RECOVERIES

2-FLUOROBIPHENYL(30-115) 88:;
2-FL'JOROPHENOL (25-121) 80:;

TERPHENYL-dl4 (19-137) 86:
1,4,6-TRI3ROnOPHENOL(19-122) 103:

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANAI.YTE DETECTED !SI DLAMK AS WELL AS SAMPLE
SURRCC'ATF. R!vZOV!:=^ OUTSIDF. OF OC LIMITS



SOUTHWEST .LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

'CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.03
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S3

REPORT: 2371.03MT

DATE: 05-03-90

PARAMETER
DET.
LIMIT UNIT RESULTS

DATE
ANALYZED

METHOD
REFERENCE

i

i
t

TOTAL CYANIDES

TOTAL METflLS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

1.0 ug/Kg ND 04-27-90 SM A12D

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mq/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

2.12
12.4

• ND
ND
ND
ND
ND
ND
5.5
15.2
9.7
ND
32.8

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

SW
SW
SW
SW
SW
sw
SW
SW
SW
sw
SW
SW
SW

7060
7421
7471
7740
7841
6010
6010
6010
6010
6010
6010
6010
6010

NOT DETECTED ABOVE QUANTITATION LIMIT
TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION #SW846,
THIRD EDITION, NOVEMBER 1986
STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,
16TH EDITION, 1985



SOUTHWEST.LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

[CLIENT: DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.03
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: S3

REPORT: 2371.03T

DATE: 05-03-90

=>ARAMETER
DET.
LIMIT UNIT RESULTS

DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

iTOTAL EXTRACTABLE HYDROCARBONS

GASOLINE
DIESEL
[KEROSENE
•JP-4
NAPTHA

13UNKER C/#6 FUEL OILMISCELLANEOUS (1)

l.l
1 .1
1 . 1
1.1
i.l
l.l
1.1

i mg/Kg
1 mg/Kg
) mg/Kg
) mg/Kg
' mg/Kg
) mg/Kg
) mg/Kg

ND
ND
ND
ND
ND
ND
12.0

04-19-90
04—19—90
04-19-90
04-19-90
04—19—90
04-19-90
04-19-90

04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 1007.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE OUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF DUANTITATIOIM
UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE



I
SOUTHWEST .LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: DAMES & MOORE, INC. REPORT: 2371.03H
•^ 11701 BORMAN DRIVE
• ST. LOUIS, MO 63149 DATE: 05-03-90
*"• ATTN: DAVID PURINGTON

I
I
i
i
i

SAMPLE MATRIX: SOIL
SWLO # 2371.03
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SWS46-B150, EPA METHODOLOGY
SAMPLE ID: S3

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

RBICIDES LIMIT UNIT RESULTS

-v3,4-D SO.O ug/Kg ND
,4,5-TP (SILVEX) 10.0 ug/Kg ND
1

1

i
1
1

Qft/QC SURROGATE RECOVERY

2.4,5-T (10-98) 91.97.

•j

t
i
9

= NOT DETECTED ABOVE QUANTITATION LIMIT
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

* = SURROGATE RECOVERY OUTSIDE OF OC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

lENT: DAMES 4 MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

REPORT: 2371.03P

DATE: 05-03-90

SAMPLE MATRIX: SOIL
SWLO » 2371.03
DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE

04-13-90
04-17-90
05-02-90
SU846-80SO, EPA METHODOLOGY

PROJECT: EARTH CITY
SAMPLE ID: S3

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'5 DETECTION LIMIT

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDANE)
DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-10U
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

19.0
19.0
19.0
19.0
19.0
19.0
19.0
19,0
19.0
38.0
38.0

38
38

33.0
0
0

38.0
38.0
190.2
190.2
190.2
380.5
190..2
190.2
190.2
190.2
190.2
380.5
380.5

RESULTS

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/QC SURROGATE RECOVERIES

DIBUTYLCHLORENDATE (24-150) 81?:

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF C1UANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST4-ABUKA1UKY UK UJSJLATIUIVJLA,
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

JES 4 MOORE, INC.
?01 BORMAN DRIVE

il, LOUIS, HO 63149
|N: DAVID PURINGTON

lPLE MATRIX: SOIL
» 2371.03

[HOD REF.: SW846-8270, EPA METHODOLOGY
3JECT: EARTH CITY
3PLE ID: S3

1IVQLATILES

[NOL
>(2-CHLOROETHYL)ETHER
:HLOROPHENOL
k-DICHLOROBENZENE
i-DICHLOROBENZENE

L ALCOHOL
:-DICHLOROBENZENE
hETHYLPHENOL
>(2-CHLOROISOPROPYL)ETHER
flETHYLPHENOL
4lTROSO-DI-n-PROPYLAI1INE

l'<ACHLOROETHANE
J-ROBENZENE
bPHORONE
4ITROPHENOL

|4-oiMETHYLPHENOL
ic ACID

5(2-CHLOROETHOXY)METHANE
[4-DICHLOROPHENOL
k,4-TRICHLOROBENZENE
pHTHALENE
:HLOROANILINE

IXACHLOROBUTADIENE
:HLORO-3-METHYLPHEMOL
InETHYLNAPHTHALENE
IXACHLOROCYCLOPENTADIENE
>,6-TRICHLOROPHENOL
t,5-TRICHLOROPHENOL

ICHLORONAPHTHALENE
LNITROANILINE
PETHYLPHTHALATE
ENAPHTHYLENE
hNITROANILINE

DET. RESULTS
LIMIT (uQ/Ko)

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

33 J
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2371.03B

DATE: 05-03-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEHIVOLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENQL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZEHE
PENTACHLOROFHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BISC2-ETHYLHEXYDPHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

04-13-90
04-17-90
04-26-90

DET. '
LIHIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

RESULTS
(ua/Ka)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30 J
ND

10 J
40 J
50 J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ROBENZENE-d5(23-120)
5 (24-113)

QA/QC SURROGATE RECOVERIES

83::
2-FLUOROBIPHENYL(30-115)
2-FLUOROPHENOL (25-121) 67:-

TERPHENYL-dl4 (13-137) 90:
2,4, 6-TRIBROMOPHENOL( 19-122) 79:

- NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION

DETECTED IN BLANK AS WELL AS SAMF'LE
OUTSIDE OF QC LIMITS



I SOUTHWEST JLABORATORY OF OKLAHOMA, INC,
7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

«̂

I•
CLIENT: DAMES it MOORE REPORT: 2371.04MT

11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149 DATE: 05-03-90
ATTN: DAVE PURINGTON

SAMPLE MATRIX:
SWLO # 2371.04
DATE SUBMITTED:
PROJECT: EARTH
SAMPLE ID: COMP

SOIL

04-1
CITY
. 2

3-90

DET.

1 PARAMETER LIMIT

TOTAL CYANIDES

1
1.0

UNIT

ug/Kg

RESULTS

ND

DATE
ANALYZED

04-27-90

METHOD
REFERENCE

SM 412D

TOTAL METALS

ARSENIC
LEAD
MERCURY
SELENIUM
THALLIUM
ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

4m «

0.
0.
0.
0.
6.
1.
1.
1.
2 .
2.
2.
2.

0
6
1
4
4
0
0
0
0
0
0
0
0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

7.41
• 15.9
ND
ND
ND
7.4
ND
ND
15.5
25.0
19.2
ND
57.4

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW
SW

7060
7421
7471
7740
7841
6010
6010
6010
6010
6010
6010
6010
6010

ND
sw

SM

= NOT DETECTED ABOVE CIUANTITATION LIMIT
= TEST METHODS POR EVALUATING SOLID WASTE, EPA PUBLICATION *SW846,

THIRD EDITION, NOVEMBER 1986
= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,

16TH EDITION, 1985



8 SOUTHWEST LABORATORY OF OKLAHOMA, INC.
7700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

1

CLIENT

1
DAMES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.04
DATE SUBMITTED: 04-13-90

REPORT: 2371.04T

DATE: 05-03-90

^n PROJECT: EARTH CITY
•1 SAMPLE ID: COMP . 2

H DET-• B4>ARAMETER LIMIT UNIT F

"•TrOTAL EXTRACTABLE HYDROCARBONS

II
GASOLINE

DIESEL
• |<EROSENE

'*Jjp-4

NAPTHA
jffeuNKER C/#6 FUEL OIL
BJl I SCELLANEOUS ( 1 )

1 0
1
1
1
1

1
1

0
0
0
o
0
0

mg/Kg t^
mg/Kg h
mg/Kg h
mg/Kg I1*
mg/Kg f
mg/Kg IN
mg / Kg :

RESULTS
DATE DATE METHOD
EXTRACTED ANALYZED REFERENCE

ND
ND
ND
ND
ND
ND
5.1

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

QA/QC SURROGATE RECOVERY

NAPHTHALENE 957.

ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.
NOT DETECTED ABOVE QUANTITATION LIMIT
COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
UNABLE TO OUANTITATE DUE TO MATRIX INTERFERENCE



I
I
I
i|

SOUTHWESTJLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

*

ENT: DAMES «< MOORE, INC. REPORT: 2371.04H
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.04
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
SAMPLE ID: COMP. 2

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

£
DET.

;BICIDES LIMIT UNIT RESULTS

2,4-D 80.0 ug/Kg ND
""̂ 4,5-TP (SILVEX) 10.0 ug/Kg ND

1
1
1
1

1
1

"**""•

t

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 78.27.

* NOT DETECTED ABOVE QUANTITATION LIMIT
* ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF OUANTITATION
B ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
a SURROGATE RECOVERY OUTSIDE OF QC LIMITS



i
I
i
i
1

SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

LIENT: DANES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, HO 63149
ATTN: DAVID PURINGTON

REPORT: 2371.04P

DATE: 05-03-90

SAMPLE MATRIX:
SWLO tt 2371.04
DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SOIL

04-13-90
04-17-90
05-02-90

METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: COMP. 2

j

i

i

RESULTS REPORTED IN uq/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALFHA-BHC
BETA-BHC
GAnMA-BHC(LINDANE)
DELTA-BHC
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

21.7
21.7
21.7
21.7
21.7
21.7
21.7
21.7
21.7
43.4
43.4
43.4
43.4 '
43.4
43.4
43.4
217.1
217.1
217.1
434.2
217.1
217.1
217.1
217.1
217.1
434.2
434.2

QA/QC SURROGATE RECOVERIES

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

I

ND
C!
B
*

DIBUTYLCHLORENDATE (24-150) 79:;

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATICN
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST .LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

« MOORE, INC.
BORMAN DRIVE

LOUIS, MO 63149
DAVID PURINGTON

MATRIX: SOIL
tt 2371.04

REF.: SW846-8270, EPA METHODOLOGY
EARTH CITY

• iCIPLE ID: COMP. 2

REPORT: 2371.04B

DATE: 05-03-90

ivOLAJTILES
DET. RESULTS
LIMIT (up/Kg)

2-CHLOROETHYDETHER

S
LOROPHENOL
DICHLOROBENZENE
DICHLOROBENZENE

iblZYL ALCOHOL
I-DICHLOROBENZEKIE

THYLPHENOL
'(2-CHLOROI30PRQPYL) ETHER

KETHYLPHENOL
llTROSO-DI-n-PROPYLAMINE
lACHLOROETHANE

1TROBENZENE
IPHORONE
IITROPHENOL

L 74-DIMETHYLPHENOL
JZOIC ACID
• ( 2-CHLOROETHOXY) METHANE

[ P-DICHLOROPHENOL

§' ", 4-TRICHLOROBENZENE
HTHALENE
HLOROANILINE

L EXACHLOROBUTADIENE

8HLORO-3-METHYLPHENOL
ETHYLNAPHTHALENE
ACHLOROCYCLOPENTADIENE

U-1,6-TRICHLOROPHENOL
• ,5-TRICHLOROPHENOL

T MJHLORONAPHTHALENE

.» w \

I
I
,4-

I
'

ETHYLPHTHALATE
hlAPHTHYLENE

NITRQANILINE

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660.
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30 J
ND
ND
ND
ND
ND
ND
ND

10 J
ND
ND
ND
ND
ND
ND
ND
ND

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

04-13-90
04-17-90
04-26-90

SEMIVDLATILES

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUEHE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-I1ETHYLPHENOL
N-NITROSODIPHENYLAMINEd)
4-BROMCPHENYL-PHENYLETHER
HEXACHLOROBENZENE
F'ENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (go/Kg)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30
ND

50
50
30

ND
ND
ND
ND
ND
ND
ND

J

J
J
J

|ROBENZENE-d5(23-120) 74:
-NOL-dS (24-113) 89:

OA/QC SURROGATE RECOVERIES

-FLUOROBIPHENYU30-113) /?:;
-FLUOROPHENOL (25-121) 70::

TERPHENYL-dl4 (13-137)
2.4,&-TRIBROMOPHENOL(19-12I)

l= NOT DETECTED ABOVE QUANTITATIOrJ LIMIT
= ESTIMATED VALUE: CCNCZNTRATION BELOW LIMIT OF QUANTITATION
j= ANALYTE DETECTED IN BLANK A3 WELL AS SAMPLE

-- 3L'RRCGATF. RECIVE^Y •TJT-2IDE OF QC LIMIT3



SOUTHWEST,LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

I
••»

I

I

I

(CLIENT: DAMES & MOORE
11701 BORMAN DRIVE
ST. LOUIS, MISSOURI 63149
ATTN: DAVE PURINGTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.05
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: COMP. 1

DET.
^PARAMETER LIMIT UNIT

REPORT: 2371.05MT

DATE: 05-03-90

RESULTS
DATE
ANALYZED

METHOD
REFERENCE

TOTAL CYANIDES

TOTAL METALS

-ARSENIC
-LEAD

-WMERCURY
•SELENIUM
""JTHALLIUM
•ANTIMONY
• BERYLLIUM

——CADMIUM

tCHROMIUM
COPPER

—NICKEL
SILVER

-Pi INC

I
I
I

1.0 ug/Kg

2.0
0.6
0.1
0.4
0.4
6.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

ND

5. 39
13.6
ND
ND
ND
ND
ND
ND
1S.1
22.8
18.3
ND
62.4

04-27-90

04-25-90
04-19-90
04-18-90
04-24-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

-ND
SW

SM 412D

SW 7060
SW 7421
SW 7471
SW 7740
SW 7841
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010
SW 6010

JU

= NOT DETECTED ABOVE OUANTITATION LIMIT
= TEST METHODS FOR EVALUATING SOLID WASTE, EPA PUBLICATION *SW846,

THIRD EDITION, NOVEMBER 1986
= STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER,

16TH EDITION, 1985

I
I



I SOUTHWESTXABORATORY OF OKLAHOMA, INC
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

^CLIENT: DAMES ?< MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # 2371.05
DATE SUBMITTED: 04-13-90
PROJECT: EARTH CITY
SAMPLE ID: COMP. 1

REPORT: 2371.05T

DATE: 05-03-90

RAMETER
DET.
LIMIT UNIT RESULTS

DATE
EXTRACTED

DATE
ANALYZED

METHOD
REFERENCE

I
TAL EXTRACTABLE HYDROCARBONS

J3ASOLINE
• MESEL
--KROSENE
JP-4

-̂ AJJ
MI

NKER c/#6 FUEL OIL
SCELLANEOUS (1)

1
1
1
1
1
1,
1

i.)

(.1
o
()

mg/K.g
mg / Kg
mg/ Kg
mg/Kg
mg / Kg
mg/Kg
dig/Kg

ND
ND
ND
ND
ND
ND
5.1

04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90
04-19-90

04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90
04-21-90

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

-I
J

I
i
3

1

i
i

QA/QC SURROGATE RECOVERY

NAPHTHALENE 957.

= ANALYSIS SHOWS MISCELLANEOUS PEAKS WHICH CANNOT BE IDENTIFIED AS
ANY SPECIFIC PATTERN. THE RESPONSE FACTOR FOR DIESEL WAS USED.

D = NOT DETECTED ABOVE OUANTITATION LIMIT
= COMPOUND FOUND IN BLANK AS WELL AS SAMPLE
= ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= UNABLE TO OUANTITATE DUE TO MATRIX INTERFERENCE



I SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

•I

1
1

J
KM

1

I

I

I

IENT: DAMES «< MOORE, INC. REPORT: 2371.05H
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO tt 2371.05
DATE SUBMITTED: 04-13-90
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-B150, EPA METHODOLOGY
SAMPLE ID: COMP. 1

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

DET.
RBICIDES LIMIT UNIT RESULTS

,4-D 80.0 ug/Kg ND
,4,5-TP (SILVEX) 10.0 ug/Kg ND

QA/QC SURROGATE RECOVERY

2,4,5-T (10-98) 99.47.

!ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS

I
i
f



_M

JwENT:

SOUTHWEST JLABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74Q12 . 918-251-2858

•X

i
1
ji
I
i
i
'it

DAMES *. MOORE, INC.
11701 BORP1AN DRIVE
ST. LOUIS, HO 63149
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SULO H 2371.05

REPORT: 2371.05P

DATE: 05-03-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :
METHOD REFERENCE:

04-13-90
04-17-90
05-02-90
SU846-8080, EPA METHODOLOGY

PROJECT: EARTH CITY
SAMPLE ID: COUP. 1

RESULTS REPORTED IN ug/Kg CR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIHIT

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDAUE)
DELTA-BHC
HEFTACHLOR
ALDRIN
HEF'TACHLOR EPOXIDE
END03ULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN 11
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLDR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLOR-1260

21.
21.
21.
21.
21.
21.
21.
21.
21.
42.3
42.3
42.3
42.3
42.3
42.3
42.3
211.6
211.6
211.6
423.3
211.6
211.6
211.6
211.6
211.6
423.3

QA/QC SURROGATE RECOVERIES

ND
ND
ND
ND
SID
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DIBUTYLCHLORENDATE (24-150) 102:;

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
•* = SURROGATE RECOVERY OUTSIDE OF C1C LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

lES 4 MOORE, INC.
1 BORMAN DRIVE
LOUIS, MO 63149

.N: DAVID PURINGTON

MiPLE MATRIX: SOIL
• 0 tt 2371.05
JffHOD REF.: SU846-8270, EPA METHODOLOGY
.XOJECT: EARTH CITY
""iPLE ID: COMP. 1

"••IIVOLATILE5

:LS (2-CHLOROETHYL) ETHER
• :HLOROPHENOL
fe-DICHLOROBENZENE

.4-DICHLOROBEMZENE
JTvlZYL ALCOHOL

, Bjl-DICHLOROBENZENE
•METHYLPHENOL
»=Si2-CHLOROISOPROPYL)ETHER
• 'lETHYLPHENOL

•TFNITRdSO-DI-n-FROFYLAMlNE
iEXACHLOROETHANE

BjDPHORQNE
.-NITROPHENOL

-^-4-DIMETHYLPHENOL
• NZOIC ACID
•TS(2-CHLOROETHOXV)HETHANE
?A4-DICHLOROPHENOL

t2,4-TRICHLOROBENZENE
PHTHALENE

4-CHLOROANILINE
' ^"XACHLOROBUTADIENE

•cHLORO-3-METHYLPHENOL
^METHYLNAPHTHALENE

.—^SXACHLOROCYCLOPENTADIENE
• 4,6-TRICHLOROPHENOL
•r; 4,5-TRICHLOROPHENOL

2-CHLORONAPHTHALENE
' •"•NITROANILINE

I-METHYLPHTHALATE
ACENAPHTHYLENE

• —'•"--NITROANILINE

DET.
Linn

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

RESULTS
(ua/Ka)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

REPORT: 2371.05B

DATE: 05-03-90

DATE SUBMITTED:
DATE EXTRACTED:
DATE ANALYZED :

SEJ1IVOLATILE5

ACENAPHTHENE
2,4-DINITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUEHE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHENYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROSODIPHENYLAMINE(l)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZOCA)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENO(1,2,3-CD)PYRENE
DIBENZ(A,HJANTHRACENE
BENZO(G,H,I)PERYLENE

04-13-90
04-17-90
04-26-90

t

DET.
LIMIT

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

RESULTS
(ua/Ka)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

30 J
30 J

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

•rrfTROBENZEWE-d5(23-120) 7
, ,-'HENCL-d5 (24-113)

^^ jD

I

QA/QC SURROGATE RECOVERIES

2-FLUCROBIPHENYL(30-115)
2-FLUOROPHENOL 125-121)

78;-:
67;-:

TERPHENYL-dl4 (18-137)
2,4,6-TRIBROMOPHENOL(19-122)

S4:

= MOT DETECTED ABOVE GIUANTITATION LIMIT
- c S T I M A T Z j VALUE: CONCENTRATION BELOW LIMIT CF G1UANTITA7ION
- AMALYTE DETECTED IN BLANK A3 UELL AS SAMPLE
= '3ur<Roi:-A:E RECOVERY OUTRIDE OF GC LIMITS



I

SOUTHWEST LABORATORY OF OKLAHOMA, INC.
7700 W. Albany'. Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

DAMES & MOORE
11701 Bonnan Drive
St. Louis. Missouri

SWLO IDENTIFICATION

63149

REPORT: G2698

REPORT DATE: 04/30/90

SAMPLE NO.:
DATE RECEIVED:

2371.01 - 2371.05
04/13/90

QA/Q.C

DESCRIPTION

METHOD
METHOD
METHOD
METHOD
METHOD
METHOD
METHOD
METHOD

BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK
BLANK

04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90
04/19/90

PARAMETER

ANTIMONY
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
NICKEL
SILVER
ZINC

RESULTS

<6

<2
<2
<2
<2

mg/Kg
mg/Kg
mg/Kg

mg/Kg
mg/Kg
mg/Kg
mg/Kg
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7700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

\

DAMES «< MOORE, INC. REPORT: G2698.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149 DATE: 05-03-90
ATTN: DAVID PURINGTON

SAMPLE MATRIX: SOIL
SWLO # METHOD BLANK-
DATE EXTRACTED: 04-27-90
DATE ANALYZED: 05-02-90
PROJECT: EARTH CITY
METHOD REFERENCE: SW846-8150, EPA METHODOLOGY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/Kg OR Parts Per Billion

DET.
-HERBICIDES LIMIT UNIT RESULTS

§2,4-D
-2,4,5-TP

80.0 ug /Kg- ND
(SILVEX) 10.0 ug/Kg ND

I

I

I

QA/QC SURROGATE RECOVERY

2.4,5-T (10-98) 45.2V.

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
•J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
'* = SURROGATE RECOVERY OUTSIDE OF DC LIMITS

I

I

I



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C . Broken Arrow, Oklahoma 74012 . 918-251-2858

.IENT: DANES & MOORE, INC.
11701 BORMAN DRIVE
ST. LOUIS, MO 63149
ATTN: DAVID PURINGTON

REPORT: G2698.3

DATE: 05-03-90

SAMPLE MATRIX: SOIL
SWLO » METHOD BLANK
DATE EXTRACTED: 04-17-90
DATE ANALYZED : 05-02-90
METHOD REFERENCE: SU846-8080, EPA METHODOLOGY
PROJECT: EARTH CITY
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPB)

PESTICIDES/PCB'S DETECTION LIMIT RESULTS

ALPHA-BHC
BETA-BHC
GAMMA-BHC(LINDANE)
DELTA-BHC
HEPTACMLOR
ALDRIN
HEPTACHLOR EPOXIDE
ENDOSULFAN I
4,4-DDE
DIELDRIN
ENDRIN
ENDOSULFAN II
4,4-DDD
ENDOSULFAN SULFATE
4,4-DDT
ENDRIN KETONE
METHOXYCHLOR
ALPHA-CHLORDANE
GAMMA-CHLORDANE
TOXAPHENE
AROCHLOR-1221
AROCHLOR-1232
AROCHLOR-1242
AROCHLOR-1016
AROCHLOR-1248
AROCHLOR-1254
AROCHLDR-1260

16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
32.0
32.0
32.0
32.0
32.0
32.0
32.0
160.0
160.0
160.0
320.0
160.0
160.0
160.0
160.0
160.0
320.0
320.0

QA/QC SURROGATE RECOVERIES

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DIBUTYLCHLORENDATE (24-150) 24*

ND = NOT DETECTED ABOVE 9UANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAI1PLE
* = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.
1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

JI1ES & MOORE, INC.
J701 BORMAN DRIVE
'. LOUIS, MO 63149
•TN: DAVID PURINGTON

1PLE MATRIX: SOIL
-̂ .0 » METHOD BLANK
JTHOD REF.: SUS46-8270, EPA METHODOLOGY
•CJECT: EARTH CITY
~«*i c ID: METHOD BLANK

REPORT: G2698.4

DATE: 05-03-90

IIVQLATILE5

I'ENOL
3(2-CHLOROETHYL)ETHER

^HLORCPHENOL
_3-DICHLORCBENZENE

' B4-DICHLOROBENZENE
%JZYL ALCSHOL
~2-DICHLOROBENZENE

B1ETHYLPHENOL
3(2-CHLOROISOPROPYL)ETHER

--1ETHYLPHENOL
iSJITRCSO-DI-n-PROPYLAMINE

J!<ACHLCROETHANE
TTROEENZENE

' OPHCRONE
•WITROPHENOL
^'4-DIMETHYLPHENOL

—^JZCIC ACID»3 (2-CHLOROETHOXY)METHANE
I-DICHLOROPHENOL

^,4-TRICHLOROBENZENE
B

 :<HTHALENE
•CHLOROANILINE
tXACHLOROBUTADIENE
—;HLORO-3-METHYLPHENOL

K1ETHYLNAPHTHALENE
(ACHLOROCYCLOPENTADIENE

——4,6-TRICHLOROPHENOL
• 1,5-TRICHLOROPHENOL
••CHLORONAPHTHALENE
^TiJITROANILINE

" 1ETHYLPHTHALATE
—UNAPHTHYLENE
I^NITROANILINE

DET. RESULTS
LIMIT (uo/Ko)

660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
660
3200
660
660
660
660
660
660
660
660
660
660
3200
660
3200
660
660
3200

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DATE EXTRACTED:
DATE ANALYZED :

04-17-90
04-26-90

SEHIVOLATILES

ACENAPHTHENE
2,4-DlNITROPHENOL
4-NITROPHENOL
DIBENZOFURAN
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
DIETHYLPHTHALATE
4-CHLOROPHENYL-PHEMYLETHER
FLUORENE
4-NITROANILINE
4,6-DINITRO 2-METHYLPHENOL
N-NITROS!JDIPHENYLAMINE( 1)
4-BROMOPHENYL-PHENYLETHER
HEXACHLOROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
ANTHRACENE
DI-N-BUTYLPHTHALATE
FLUORANTHENE
PYRENE
BUTYLBENZYLPHTHALATE
3,3-DICHLOROBENZIDINE
BENZO(A)ANTHRACENE
BIS(2-ETHYLHEXYL)PHTHALATE
CHRYSENE
DI-N-OCTYL PHTHALATE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZO(A)PYRENE
INDENOd, 2,3-CD) PYRENE
DIBENZ(A,H)ANTHRACENE
BENZO(G,H,I)PERYLENE

DET. RESULTS
LIMIT (uq/Kg)

660
3200
3200
660
660
660
660
660
660
3200
3200
660
660
660
660
660
660
660
660
660
660
1320
660
660
660
660
660
660
660
660
660
660

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
SiD
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

QA/.QC SURROGATE RECOVERIES

"ROBENZEUE-d5(23-120) 65': 2-FLUOROBIPHENYL(30-115) 64:; TERPHENYL-dl4 (12-137) 65:
•.'NOL-d5 (24-113) 76'-i 2-FLUOROPHENOL (25-121) 62:-: 2,4,6-TRIBROnQPHENOL( 19-122) 68:

NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF

,= ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE
FZ RECOVERY niJTSIji" OF CIC LIMITS

QUANTITATION
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APPENDIX D
Soil Boring Logs



LOCATION OF BORING

DATUM ELEVATION

JOB NO. CLIENT

DRILLING METHOD:

SAMPLING METHOD:

3"

WATER LEVEL

TIME

DATE

CASING DEPTH

BORING NO

/duj
SHEET

I or

START

TIME

/••/s
DATE

FINISH

TIME

DATE

M
P

L
T

Y
P

E

E
P

T
H

 O
C

A
S

IN
G

N
U

M
B

E
R

R
IN

G
S

oz S
O

IL
G

R
A

P
H

SURFACE CONDITIONS:

C5

15

•20

8

9

/ O

1

4

/ S

6

7

8

9

^o

i.'/C

Si1 c

An'Ao J", — /(

J/ .11 r ̂ /A

LU£t



LOCATION OF BORING

• DATUM ELEVATION

JOB NO. LOCATION

DRILLING METHOD

SAMPLING METHOD:

WATER LEVEL

TIME

DATE

CASING DEPTH

BOWING NO.

SHEET

2

DRILLING

START

T1ME

DATE

FINISH

T1M£

°*TE

S
A

M
P

L
E

R
T

Y
P

E

D
E

P
T

H
 O

C
A

S
IN

G

S
/F

T
.

L
E

R

N
U

M
B

E
R

 O
F

R
IN

G
S

oz S
O

IL
G

R
A

P
H

SURFACE CONDITIONS:

2

3

4

25

6

7

8

9

0

1

1

3

4

5

6

7

8

9

0



OC
["LOCATION cf BORING

3
>—r<0
^<
i/)

>*

^

(DATUM ELEVATION

joe NO. CLIENT LOCAT1ON

DRILLING METHOD:

SAMPLING METHOD:

3"'

^
WATER LEVEL^

TIME

DATE

CASING DEPTH

BORING NO.

SHEET

DRILLING

START

TIME

DATE

FINISH

TIME

DATE

S
A

M
P

L
E

TY
PE

D
E

P
T

H
C

A
S

IN

N
U

M
B

E
R

 O
F

R
IN

G
S H E
T

D IN

S
O

IL
G

R
A

P
H

SURFACE CONDITIONS:

a

a

C5

'O

IT

00

)

2

3

4

05

6

7

8

9H

/ 0 [~

1 t-

2

3

4H

/ S

6 I-

T ~

8

9

ZO

t /

3 ;'



LOCATION OF BORING

DATUM ELEVATION

JOB NO LOCATION

DRILLING METHOD:

SAMPLING METHOD:

WATER LEVEL

TIME

DATE

CASING DEPTH

BODING NO.

/MCvJ f O
SHEET

OF

DRILLING

START

T1ME

DATE

FINISH

71ME

DATE

S
A

M
P

T
Y

P *

D
E

P
T

H
 O

C
A

S
IN

G

L
O

W
V

F
T

A
M

P
L

E
R o

tr ">So0)2
31
z

D IN

S
O

IL
G

R
A

P
H

SURFACE CONDITIONS.

1

1

3

4

?5

b

7

a

9

0

1

1

3

4

5



uames & nnoorv



LOCATION OF BORING

DATUM ELEVATION

JOB NO CLIENT LOCATION

DRILLING METHOD:

•3d

SAMPLING METHOD:

3"

WATER LEVEL

DATE

CASING DEPTH

BORING NO.

SHEET

/ O,

DRILUNG

START

TIMe

DATE

t'U

TIME

°*rE

S
A

M
P

L
E

T
Y

P
E

D
E

P
T

H
 O

C
A

S
IN

G

L
O

W
V

F
S

A
M

P
L

E

N
U

M
B

E
R

 O
F

R
IN

G
S i).. w

Si^-oz

O
IL A
P

H

SURFACE CONDITIONS:

/

5

/o-r

*

I0

17

OQ

1

4

05

6

7

8

9

/ O

1

4

/ S

6

/7

8

9

0

r. /.-y,f ^..: T-\i

v-i r/ f ^ > / ^ /*, k- i (f S

A\-t el'U.l -A 'S- f, fC- i C\66L*

- > ' -T-P

TV Ic



II I «

LOCATION OF

f fio?

DATUM ELEVATION

JO8 NO.

/9^/Vj- coa
CUENT

F&.* D
DRILLING METHOD:

'3W" :z£> StV..*,

SAMPLING METHOD:

"3" -3-1)

5'
WATER LEVEL

DATE

CASING DEPTH

>/2

LOCATION

BORING NO.

SHEET

/ OF /

OR.LUNG

START

T1ME

y-/

F1NISH

T1ME

°*TE

S
A

M
P

L
T

Y
P

E

D
E

P
T

H
 O

F
CA

SI
NG

L
O

W
V

F
T

.
S

A
M

P
L
E

R

N
U

M
B

E
R

RI
NG

S

oz S
O

IL
G

R
A

P
H

SURFACE CONDITIONS.

•̂ H

cs

o-

10

60

1

6 -

9 -

/O -

1 -

2 -

3 -

4 h

/ 5

6

7H

8

IS'

h

L
/

\

r v 3 7

^7r. ^
' \/il_. In lAJ S 4 4

\ l c L i - r

«•/ c



LOCATION OF BORING

at

IS*

DATUM ELEVATION

JOB NO. LOCATION

DRILLING METHOD:

3V/ "
A-T tt J

^
SAMPLING METHOD:

3" J. t> t\ OOOJ

WATER LEVEL

TIME

DATE

CASING DEPTH

'^ /Mo
BORING NO.

SHEET

/ or /

ORILUNC

START

TIME

DATE

FINISH

TIME

DATE

M
P

L
T

Y
P

E

B
L
O

W
A

M
P

S

N
U

M
B

E
R

R
IN

G
S

D
E

P
T

H
IN

 F
E

E
T

S
O

I
R

A

SURFACE CONDITIONS:

d

is

OQ

9

t 0

i H

2

3

4

/ 5

61-

7 h

8

9

COR
IS'

irCii'fV/ «- /M

j ^c.t-

UJ / ^O^T

rf J

'/A 7

-Prt » ?, ' / / ( / iV/, /

jf v^^i

-5^



LOCATION Of BORING

DATUM ELEVATION

joe NO. LOCATION

DR.LUNG METHOD:

A „ *. f

SAMPLING METHOD:

5'
WATER LEVEL

T.ME

DATE

CASING DEPTH

BORING N(i

SHEET

/ o. /

OR.LUNG

START

T1ME

DATE

riNiSM

OATE

»
-|
It
ll
1*'
Lt
11
• I
:l
it

\

it
it
i t -
il!
it!

M
P

L
T

Y
P

E

E
P

T
H

 O
C

A
S

IN
O

L
O

W
S

/
S

A
M

P
L

E

N
U

M
B

E
R

 O
F

R
IN

G
S its

S
O

IL
G

R
A

P
H

SURFACE CONDITIONS:

fi h /v^sU

/O

o

8

9

/ O

I

2h
3 -

4J-

I 5

6H

7 h

8

9 H

EO&
IS'

. . - < i c M 'TipsTip

IJ, k^.Lj CA, <,//V

^r

(G

/ - / 7 '

T



APPENDIX E
Well Construction Diagrams



MONITOR WELL INFORMATION SHEET

CROUNO SURFACE ELEVATION

TOP OF VELL CASING ELEVATION */7 7- 6 £

JOB NU18ER

BORING NUMBER

DATE

LOCATION .

- ( O I

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE FtET. *

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

^-s DEPTH TO TOP OF SEAL (IF INSTALLED)
si/ *?• 5 FEET.*

/^\ LENGTH OF VELL SCREEN FEET.
SLOT SIZE O. f)l O

TOTAL LENGTH OF PIPE f~7- 3 FEET AT
J) INCH DIAMETER.

TYPE OF PACX AROONO VELL POINT OR SLOTTEDPIPE s/\hj h .
CONCRETE CAJ. QrESj NO (CIRCLE 0:iE)

HEIGHT OF VELL CASING ABOVE GHOUNO
.0/3 FEET.

PROTECTIVE CASING?
3J H E I G H T ABOVE CROUNO

^ LOCRIHC CA?7 C^Ttg? NO (CIRCLI O N E )

NO (CIRCLE ONE)
FEET.

Qfl) TYPE OF UPPER 8ACJCFILL.

fiT) 80REHOU DIAMETER %

J 5./on j-^.

[12) DEPTH TO CROUNO WATER

TOTAL DEPTH OF BOREHOLE

.INCHES.

FEET. *

) FEET.*

TTPE OF LOViR BACKFILL

K ^PIPE MATERIAL

[IS) SCREEN HATtRIAL

*(DEPTH FROM CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Dame* &. Moora



GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION / */Q . (8

MONITOR WELL INFORMATION SHEET

JOB NUMBER L*?*?^3'~ OO d

B O R I N G NUMBER /lUJ - / O <9

OATE

LOCATION

V- //-

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
P I P E ,3V. S FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

r^ DEPTH TO TOP OF SEAL (IF INSTALLED)
J) *?• 5 FEET. *

LENGTH OF WELL SCREEN
SLOT SIZE O-.OIO

TOTAL LENGTH OF P I P E /£"*

FEET.

FEET AT
d INCH DIAMETER.

TYPE OF PACX AROUNO VELL POINT OR SLOTTED
PIPE

CONCRETE CAP. CrESj £0 ( C I R C L E 0:«C)

HEIGHT OF WELL CASING MOVE GROUND
a 3

MO (CIRCLE OKE)
FEFT.

FEET.

,^_ PROTECTIVE CASIKC1 ^TES^
T) H E I G H T ABOVE eROUNP ^
^^ LOaiNC CAP7 C^Up ^HO (CtRCL£ ONE)

^ Tin OF UPPER IACTFILL Cj?*\f>/\ 1 ."S /Ov1 / ^

BOREHOLE OIA>tTm Q INCHES.

FEET. *

FEET.*

S /' /"f

[12) DEPTH TO CROUXO WATER ^ O

TOTAL DEPTH OF BOREHOLE

^4; TYPE OF LOUiR BACXFILL.

(l?) PIPC MATERIAL

Tvr

ME) SCREEN MATERIAL puc

*(DEPTH FROM CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Damac & Moore



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION

JOB NU1IER

BORING NUMBER /*flA/-

LOCATION

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE /5. 7 FEET. *

T) OEPTJJ T0 80TTOM OF SEA>- (If INSTALLED) til

DEPTH TO TOP OF SEAL (IF INSTALLED)
2..^ FEET.ite

© LENGTH OF VELL SCREEH__/jO_
SLOT

FEET.

TOTAL LENGTH OF P I P E
"2- INCH DIAMETER.

FEET AT

TYPE OF PAOt AROUND WELL POINT OR SLOTTED
PIPE

CONCRETE CAP. NO ( C I R C L E 0:iE)

HEIGHT OF WELL CASING ABOVE GROUND
•g . "7 FEET.

_ PROTECTIVE CASING?
JJ H E I G H T ABOVE CROUHO

LOCKING CAP7

HO (CIRCLE ONE)
fEET.

~HO (CIRCLE ONE)

flO) TYPE OF UPPER BACKFILL<"A»7A>7r ~>/VT*r

.11) BOREHOLE DIAMETER JNCHES.

(1?) DEPTH TO CROUXO WATER "7 FEET. *

(l?) TOTAL DEPTH OF BOREHOLE / 8 FtET.*

M TYPt OF LOW£R

iT) PIPE MATERIAL

' / '

SCREEN MATERIAL

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Damet & Moor*



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION t7<~l/ a ff

JOB NUMBER

BORING NUH8ER ' / Q V

LOCATION

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE I 7 FEET.*

t

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

DEPTH TO TOP OF SEAL (IF INSTALLED)
9- 3 FEET.*

©
LENGTH OF VELL SCREEN
SLOT SIZE (Q. O(6

FEET.

TOIAL LENGTH OF PIPE_
INCH DIAMETER.

FEET AT

TYPE OF PACK AROUND VEU POINT OR SLOTTED

CONCRETE CAP. C*tET) NO (CIRCLE 0:»C)
^^ ^^ ~~

HEIGHT OF WELL CASING ABOVE GROUND
FEET.

_ PROTECTIVE CASING? pES J WO (CIRCLE ONE)
fT) HEIGHT ABOVE GROUND FEET.

LOCKING CAP? O g > " 0 (CIRCLE ONE)

(jfl) TYPE OF UPPER BACKFILL.

(ID BOREHOLE QIAntTCK

4

Q INCHES.

7(W DEPTH TO GROUND WATER / FEET. *

(jj) TOTAL DEPTH OF BOREHOLE ( I FEET.*

(u) TYPE OF UJWtR BACKFILL fJ

0?) PIPt MATERIAL

[!() SCREEN MATERIAL

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS,

Dam««i Moora



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION

TOr OF WELL C A S I N G ELEVATION V T 0»

JOB NUMBER

B O R I N G NUMBER

DATE

LOCATION

- OO Z

- /QS~

- 9a

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE / FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

FEET.*

DEPTH TO TOP OF SEAL (IF INSTALLED)
3 FEET.*

0 LENGTH OF VEU. SCREEN
SLOT SIZE r>. o/ 6

FEET.

TOTAL LENGTH OF P I P E 7- 3 FEET AT
INCH DIAMETER.

HPE OF PAOC AROUND WELL POINT OR SLOTTED
PIPE

CONCRETE CAP. HO (CIRCLE 0:«E)

HEIGHT OF WELL CASING ABOVE GROUND
3 3 FEET.

_ PROTECTIVE CASING? C_T£
JJ H E I G H T ABOVE GROUND „._

LOaiNC CAP?

MO (CIRCLE O N E )
FEET.
NO (CIRCLE O N E )

TYPE OF UPPER BACKFILL l

JI) BOREHOLE OIAKCTCA INCHES.

M2) DEPTH TO CAOUXO WATER FEET.*

TOTAL DEPTH OF BOREHOLE FEET.*

C]<) HPE OF LOWiR BAOCFILL ;

(iT) PIPE MATERIAL { V C

) S CREEK MATERIAL r V

*(DEPTH FROM GROUND SURFACE)

MONITOR WELL INSTALLATION DETAILS

Damom & Moore



GROUND SURFACE ELEVATION

TOP OF WELL CASIHC ELEVATION

MONITOR WELL INFORMATION SHEET

_ JOB NUMBER A?<9</J>-OOg

BORING NUK8ER t](jJ- (O6

DATE

LOCATION

DEPTH TO BOTTOM OF WELL POINT OR SLOTTED
PIPE FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)

©

DEPTH TO TOP OF SEAL (IF INSTALLED)
3 FEET.*

LENGTH OF WELL SCREEN ( O FEET.
SLOT S I Z E n. a i o

TOTAL UNCTH OF PIPE_
rO INCH OlAhtTER.

FEET AT

TYPE OF PACX AROUND UELU POINT OR SLOTTED
PIPE .SAAJt^ .

CONCRETE CAP. HO (CIRCLE 0:»£)

HEIGHT OF VEU CASING ABOVE GROUND
FtET.

_ PROTECTIVE CASING?
3J H E I G H T A80VE CROUNO

^ LOCXING CA/7

MO (CIRCLE ONE)
FEET.

~MO (CIRCLE O N E )

fifl) TYPE OF UPPER IACXFILL_

[») BOREHOLE BIAMETtR 2£ INCHES.

@ DEPTH TO GROUND WATER *"? FEET. *

(jj) TOTAL DEPTH OF IQREHOU (S FEET.*

(ll) TYPE OF UMtR lAOcriU

PIPE MATERIAL c

[IE) SCREEN MATERIAL

*(DEPTH FROh CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

Damem & Moor«



MONITOR WELL INFORMATION SHEET

GROUND SURFACE ELEVATION

TOP OF WELL CASING ELEVATION */7 I'

JOB NUMBER

BORING NUMBER /fl Uj - f Q '7

LOCATION

DEPTH TO BOTTOM OF UELL M I N T OR SLOTTED
PIPE FEET.*

DEPTH TO BOTTOM OF SEAL (IF INSTALLED)
3.5 FEET.*

DEPTH TO TOP OF SEAL (IF INSTALLED)
3 FEET.*

0 LENGTH OF «U SCREEN
SLOT SIZE ft n(t>

FEET.

FEET ATTOTAL LENGTH OF PIPE_
^ INCH DIAMETER.

•TN TYPE OF PAOC AAOUNO UELL POINT OR SLOTTED
si/ PIPE .SA fOD .

J) CONCRETE CAP. NO ( C I R C L E O.'fE)

HEIGHT OF VCLL CASING ABOVE CROUNO
FEET.

PROTECTIVE CASING? QttS
j) HEIGHT ABOVE CROUNO . _

LOaiNG CAP7

NO (CIRCLE ONE)
FEET.
NO (CIRCLE ONE)

TTPE OF UPPER 8ACKFILL
1_

\\) BOREHOLE OIAMTEA INCHES.

[12) DEPTH TO CROWD WATER

(\l) TOTAL DEPTH OF IOREHOU /•

TTPE OF LOWtR SACXFILL. _

P V C

tJ/A .

FEET. *

FEET.*
•

PIPE MATERIAL

(IS) SCREEN MATERIAL FVr

*(DEPTH FROM CROUNO SURFACE)

MONITOR WELL INSTALLATION DETAILS

DamemS. Moor«
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APPENDIX F
Groundwater Field Measurements
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MONITORING WELL FIELD DATA SHEET

Field Personnel Job No.

T). Pu, . , x-fe * Location £
~ -j

Well NO.

Date

-
3" - Pe c k

- QQZ

A1G

((C. /t7g76

Total Well Depth (from top of casing)

Depth to Water Surface (from top of casing)

Height of Water Column

Volume of Water Column (height x 0.163)

*?• 3 feet

/ 8 5 S* feet

G ~? 2 feet

gallons

I
I
I

I
I

Well
Volumes
Purged

Units

1

2

3

4

5

6

1

8

Specific
Conductance

^' CrZ'.^o'a

/C&'l

~ f i 2

In

• ? / « /

Temperature

^r
Cl^

£3 .3
C\ .2

O-o

PH

standard units

76V

7-06

7. os

7.07



f
MONITORING WELL FIELD DATA SHEET

Field Personnel Job No.

Location £-̂ ,

Well No.

Date

/Up

/ O3

Total Well Depth (from top of casing)

Depth to Water Surface (from top of casing)

Height of Water Column

Volume of Water Column (height x 0.163)

/"?,

. g 'feet

- / "7 feet

B feet

I • gallons

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

fatc'rti.^L^

<75£

9Va

^5^

^?5^

9^5

Temperature

°/~

5 V- ?

5 3 ^ 3

5 / - J

5J>. /

5^-7

pH

standard units

7-9-0

7-37

"7-3^

•>. £5

7. 5o



t1 Field Personnel

D

MONITORING WELL FIELD DATA SHEET

Job No. /f ?</J- 002

> Location <g^^ CV £ y

Well No. /n(x J - / O "•>

Date

Height of Water Column

Volume of Water Column (height x 0.163)

c

/•

Total Well Depth (from top of casing) / &. */ feet

Depth to Water Surface (from top of casing) (/.*-?? feet

feet

gallons

I
I
^I

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

A*1' fn>^v\^-o>

£95

£77

£ 77

Temperature

°/r

£C'. 0

50. Y

5<r- 3

pH

standard units

7-oo

T05

^co
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MONITORING WELL FIELD DATA SHEET

Field Personnel Job No.

T). 'Pu/.Vrfej; Location

Well No.

Date fan, I 1 1
t T '

Total Well Depth (from top of casing)
( ̂

feet

Depth to Water Surface (from top of casing) 13> -2-"? feet

Height of Water Column '- & 3 feet

Volume of Water Column (height x 0.163) gallons

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

/^f <^ rz>M^o i

0^/5

Wo 3
(>o3

r^os

/3^^i

Temperature

°r
60 g

6$ 1

56-3

57- /

57-0

PH

standard units

£.£9

~7. oo

•7.03
"?-oc

C <?5



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. 7^*7 </3- oo?

/3. ru/ , '*,- /7^ Location £^71 C> ^_,

: Well No. A U O - / Q 5

Date Ap/. I /^.

t

Total Well Depth (from top of casing) / ~7- 3 feet

Depth to Water Surface (from top of casing) /O 95 feet

Height of Water Column

Volume of Water Column (height x 0.163)

"7-05 feet

/ - / 5> gallons

i
i

i

Well
Volumes
Purged

Units

Specific
Conductance

#£5

/a-o?
Id-

Temperature

- 7

55^7

pH

standard units



MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. _

l^s • r U r , t "JZ n

T- NO .
Date

Total Well Depth (from top of casing)

Depth to Water Surface (from top of casing)

Height of Water Column

Volume of Water Column (height x 0.163)

' OO 2.

Location E&jfo O' 7-,

/ n £
/£.

7-72

feet

feet

feet

gallons

I
I
I

i

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

/7-<ra>.vs^c,i.

1/53

H$£

1221

I21>1

I 2 Z S

Temperature

o-p

53. /

53. /

5P-3

52- 3

53. a

PH

standard units

£.£->

£•&&

£•£0

£.£Z

C^r
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MONITORING WELL FIELD DATA SHEET

Field Personnel Job No. - 00?

D TU r,\ TV Location

Well No.

Date

CO- /O'~)

Total Well Depth (from top of casing)

Depth to Water Surface (from top of casing)

Height of Water Column

Volume of Water Column (height x 0.163)

/7- 3 feet

feet

/2-08 feet

I ' ' ' gallons

Well
Volumes
Purged

Units

1

2

3

4

5

6

7

8

Specific
Conductance

/K'cc^L/

/ ' OO£

^ &Cj

"781

975

Temperature

°F

53.3

51- 3

so. <r

5o 8

pH

standard units

7V/

~?-0
f ^̂  s'
^•a * f C$

£--<73
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MEMORANDUM

To:

From:

Subject:

October 2, 1980

Bob Schreiber

Burt McCullough

Westlake Landfill

r r>.rr /^; ,r. ̂  ••-• ;•) • ̂ :; ^
' i ' , . ? '' " U- ! ' "

ac

•'.«:• »>Tvr»'

Vestlake Landfill, located in Bridgeton Missouri (St. Louis County) has been
the subject of recent inquiry. This landfill began operation prior to state
regulation. As far as our records show, this landfill first opened in the
mid-1960's. Part of the landfill lies in an old quarry and part of the land-
fill lies in the Missouri River floodplain, approximately 1^ miles fror. the
river. Witnesses to this operation, when the area of the landfill which lies
in the floodplain was in operation, note that the fill area was often actually
beneath the level of the water table. According to file materials fron
Missouri Geological Survey, it is "highly probable that leachate from the
landfill is entering the waters of the Missouri River. . . " Leachate frco;
the old quarry area of the landfill is collected and hauled to MSD treatment
plants. Construction of onsite treatment facilities is underway. About 48,000
gallons of leachate per day is currently being collected.

Aside from normal landfill materials, there are chemical industrial wastes and
radiologically contaminated materials deposited in this landfill. The chemical
vastes, that we know of, include about 4,000 tons of residues from the production
of insecticides and herbicides. These pesticide wastes were deposited by
Chevron Chemical Company. Also included in the chemical wastes are waste
materials from ink manufacture and from the manufacture of glue. Among the
chemical wastes that we know of in Vestlake Landfill are:

waste ink pigments
esters alcohols
halogenated intermediates
oils vastewater sludges
heavy metals asbestos

oily sludges
insecticides
aromatics

herbidices

Besides chemical hazardous wastes, in Westlake Landfill, there are radioactive
vastes. During early 1973 Cotter Corporation buried radioactive Barium
Sulfate Slag material and radiologically contaminated building rubbL?. There
are approximately 9,000 tons of this material which contain about.-lJf)&G tons
of natural Uranium. In October, 1977, an aerial radiological survey was done to
determine the location of the burial of this contaminated material. The report
from this survey indicates that there are two burial sites. One is in the
center of the old quarry area, and the other is on the edge of the floodplain
area which borders adjacent farmland. The U.S Nuclear Regulatory Commission
has contracted Radiation Management Corporation to do extensive on-sitc
radiological surveys which include groundwater analysis, core sampling, test
boring, and other tests as deemed necessary. The NRC has given DNR verbal

i P. Teasdale Governor Division of Environmental Guclitv
Lcfser Director Robert J. Schreiber Jr., P.E. Director

Exhi'b/f Ao-Q
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Vestlake Landfill continued
Page 2
October 2, 1980
To: Bob Schreiber

permission to utilize the monitoring wells which Radiation Management
Corporation will be digging, in order that DNR may test for the presence of
chemical hazardous wastes.

There Is little known about what went into Westlake Landfill prior to State
regulation. Analysis needs to be done to determine: 1) what wastes are
deposited in Vestlake Landfill, 2) if any of these pollutants are leaving
the landfill via groundvater, and 3) what threat does Westlake Landfill pos'e
to drinking water supplies.

cc: Tred Lafser
Ron Kucera
Jim Long
Robert Robinson
Bob Miller
Tom Doan
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3.600 St. Louis County
Vest Lake Dmolition Landfill flQy « .Q7

October 11, 1977 tttuu o*

Mr. y'illian Cannev
west L?.Ve Landfill, Inc.
Rt. 1, Sox ZT£
Bri^etca, V"» *3044

Dear Mr. Canney:

This is tc fcllw un on the insnectlm of tN-» 'Test T.«fe« Demolition
Lan:l'ill .f»r. ncrrt»r 4, 1977, Vv a T>T.r«Bent-tive of thp Vissouri
T>enr..-c: •-.£ . ;e '>.tura3 '3rpr!!rr««'T J* r» r-?""1" of this Irrnoction,
thr fcllf.'ln" inrr.ti5factoT"» fa.iturss *.r* r.ot<".l naci rpcorr«er.d«tions
for their ccrre.ctJon nrt rivp.n.

1. ?Jon--'ier'olitlon landfill wnste inclu-Jin? vastes not even
acceptable at sanitary landfills vere beinr, deposited at
the demolition landfill site.

2. Routine technlout»s of spreadlrr and coTpactin1? the deaolitiocs
vastcs vere not bein? practiced.

COMIfF.vTS A.',T

A con«3i'i<»raMft arount of naint sludge in 55 Ballon metal
dnras had been disposed of on tSe site. It appeared that
the najority of the paint slu'Jte had been nixed vith soil
and had caused one area to be verv odorous and extreaely
dan?. Neither the demolition or sanitary landfill should
be aecsptlnp any quantity of r>aint or other sludges. It
is understood that a snail anonnt Mr;ht <^et into the landfill
•undetected but, it was obvious thit « t^ooJ nortion of the sludge
could and should have been tnrnp'1 •'•..-.tv. "mediate steps
must be taken to stop all Incarli*1 ^enoqit? of sach naterlala
and to Irmfidiatelv renove such materials vhen they sore hcv?
are -Junped. (Section 80-6.010 (2) (A) of the "issouri Solid
tfastt Rules and Regulations lists the tynes of materials to
be accented at a demolition landfill. Enclosed is one conv
of the 3ules and Regulations.



3.600 rt. T.ouls County
West L.V-.C l̂ -.olition Landfill

October 2?, 1977

Acceptance of non-denotion wastes has been observed in the
past at the denolltion landfill site. It is felt that it is
a corbl-iation of an inadequate sl?n listing the wastes to be
acc«rteJ, innrfequcte inspection of leads conln? in and a willingness
to accent such non-der.olltion materials 'then they .ITS on site.
r«»cticp •~~A.rin (2) (C) 2 require thnt n list of wastes to be
accor-to : lo -Us^lavi! nr?-inentlv it -̂ V_ r.«tr. crtr.ir.ces. TIo sl?n
v?».s ohrr"»-v-; *.t either entrnnce for the ••!r-»olltion landfill. A
sim llrtir." t>»» *•*«*? to be ««:c'̂ t«•'. **û t be erected it oil
er.tr-vjce-s to ths demolition landfill. A rer,r»onsiMe supervisor
snould Vo locfltc^ on site v^o is villin? to t1ioroM7.hly inspect
every Io2<* that ernes in and to reject all non-denolition materials.
Anyone cnu,?ht dtnpir.<» non-^ersolltion vastes should be force»^ to renove
such wastes to a proper disposal facilltv. The corsbinatlon of
advising proseectlve «*\nr»ers of vhat vnstes are accepted via the
landfill sir>n alon« ^rtth a responsible supervisor who is knovleisable
about what vastes can and cannot he accepted should result in a
great reduction in non-denolition wastes bein? dumped at the demolition
landfill.

It was observed that the demolition materials vere being dumped at
the top of the MorldLn* face of the landfill and for the nost part
slrTply pushed over the edr;e of the f?.cc. Very little compaction
was beinj: ftcconplished. It was understood that seme bulky wastes
such as larne concrete blocks and tree trunks cannot be compacted
but, the rajority of the other demolition wastes can be spread
and contacted in layers around tvo feet thick on or near a 3 to 1 slope.
If possible, It is recowaended that the demolition vastes be durroed
at the base of r̂orklnr; face. IThether t*"» vaster are dumped at the
top or base of the working face, every effort -:ust be aade to spread
and ccnpact the demolition wastes in"levers not to exceed two (2)
feet as true!: as practical fron the stnnrnoint of the size and shape
of the Tuif.rlalq. If a load is observed containing larjje materials
tb.it coulrf hinder the nroper corranction of other demolition vastes,
it shoul'.' be dirrped x»h<sre it can be rusre easily handled instead of
with the other vastes. Section 80-4.010 (12) (C) 1 requires that aolld
waste handling equipment shall be capable of : j

I I. Spreading and compacting the solid wastes accepted I
in layers no more than tvo feet thick, when practical •
from sice and shape of the waste material, while confining
it to the snallest practical area. j

• 2. Coopsct the solid waste to the smallest practical volune. }

1 3. Place, spread and conpact the cover aaterial as such as
practical. |

• 4. An «stensive salvage operation was being run at the demolition I

!
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3.630 St. Louis County
Vest Lake Denolltion Landfill
Page Three

-- - - October 31, 1977

landfill nainly for the collection of metallic objects.
It was understood that the aalvaned materials are hopefully
rcnoved fron the site the some '»av thev are collected. The
landfill rust bo coiarenHed for the extensive salvage opera-
tion but, every effort mist be ruv.'.e to ronove the salvaged
nateriai Jaily or to keen then nc-irly stored on site.

It vcs sbsorvaJ that the require-! tvolve (1-) inches of .weekly
covsr r-atorial !ii.' been ar-jlis 1 an4. haJ1 been properly contacted
any arcis t'-.nt have been brought up to final jrade should
contain final cover consisting of at least two feet of conpacted
soil an.1, ba properly seeded. .

If you hnvc any questions concernins the above cements and recornendatioas,
please feel free to n^e us a call at our St. Louis Office. Reinspections
will bs mde to ins-ire that any non-demolition materials are not beinq
accepted and the aateriala accepted are being properly compacted.

_ ..5,

APPROVED. - SUKHTTCn BY:

Earl F. I-oltpraewe, ?.E.
Regional Administrator
•St. Louis R2i?icnal Office
Department of Natural Resource

E5H/bS/lb

3ud Stein .
Environmental Engineer I
St. Louis Regional Office
Departnent of Natural Resources

.. _ CC: Earl Breadon
2337 Telegraph Road

... St. Louis, MO
St. Louis County Health Departnent

•„ CO.SW

rl ..



I
MISSOURI DEPARTMENT OF NATURAL RESOURCES

DIVISION OF ENVIRONMENTAL QUALITY

DEMOLITION LANDFILL SURVEILLANCE RECORD

Date:

• Name of Demolition Landfill:

Permit No:

l fJJ^Sf~

Days/Week Open:ccn wpcu. ~"^

j r\ * f • • ~ f\ § */» / tf • //
^rTili.^7>ic />?/»o7/77^K L&uair II

County:

Owner:

. Pfiuft I filnr

' A

Operator:

Address:

Z/

I. Special Conditions and Approved Modifications

I A, Are there any special conditions or approved modifications of the satisfactory compliance subsections of
the rules and regulations? (e.g. impermeable barrier, limited excavation, exceptions to weekly cover re-
quirements) . wy

Yes ^~ No

(If "No," describe violations under "REMARKS.")
Yes

II. Check Types of Waste Accepted
INDICATED ON

PERMIT APPLICATION
REPORTED BY

OPERATOR AS OBSERVED

• 6. Is the demolition landfill operation in compliance with the special conditions or approved modifications?
ttt 11 k i _ ii _ « _ _ _ * i _ _ . . • _ f _ A • ._ — _i _ . * i ^ ^a«A^ i ^O »i\

I

I

I

I

I

I

I

I

I

Demolition and construction waste
Brush and untreated wood waste
Tires
Inert Plastics

fi&d ..dtuAiA i dujdwt uz&j
OAhER WASTES (SPECIFY) A J

v:
>*:
v:

X

III. Remaining Life of Landfill

A, Estimated average volume of compacted solid waste received.
(tons, yards/day, week)

B. Estimated volume of remaining landfill covered by approved engineering plans.
acre feet

I1S.05B- 11/76
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I

IV. Satisfactory Compliance Subsections Regulations 80-4.010
• Check all sul .tions: SAT — Satisfactory; UNS — Unsatisfactory. (If necessa

under "Remarits.")
escribe "UNS" violations'

iCTION SATISFACTORY COMPLIANCE
OPERATING PROCEDURE SAT UNS

WASTE ACCEPTED

Routine sanitary landfill techniques ol spreading ind compacting
Mlid waste stall be used is much is practicable ID dispose of
solid MSle in i demolition landfill.

A list of wastes to be icceptid shall be displayed prominently it
the site entrance.

X
X

30110 WASTE EXCLUDED

1
2

A responsible supervisor skill be present it the disposil irei it
til times when the am is open to receive waste.

deluded wastes deposited removed to an approved disposal site

X
^x

1SELECTION
^

Site accessible by all-weather roads. l̂ î

WTER QUAiITT

1
2

m

Surface water courses and runoff satisfactorily diverted from the
landfill. Demolition landfill construction and grading to promote
rapid surface water runoff without eicessive erosion.

Decomposable solid wastes deposited above predicted maximum
water table.

y
y

IBUALITY

No open burning without written permission from the agency hav- «
ing jurisdiction. <

WTROL

Decomposition gases adequately vented to prevent danger to occu-
pants of adiactnt property.

Gases vented to prohibit eiplosive or tone accumulations. x̂
RS

Vector control programs implemented when necessary. 1 j^l

f ETICS
"

2

t

Litter collected and compacted into cell be utilized daily.

Wastes easily moved by wind covered as necessary.

On site vegetation and natural windbreaks being utilized for litter
control and aesthetic appearance. '

V\/
If

SUBSECTION
NUMBER

SATISFACTORY COMPLIANCE
OPERATING PROCEDURE SAT UNS

(10) AESTHETICS (continued)

(10)(C)4 Salvaged materials remcweldaily *r stored yfaestbycally accep-
table manner. QMlM. /JW. Cttf/EU.

*
(11) COVER MATERIAL

U1HO1

U1XO2

Twelve ( 12) inches compacted soil cover material applied at lust
once every seven calendar days.

Final cover of it least two i2) tetl compacted toil applied on alt
completed areas.

>c
X

(12) COMPACTION

(12XO1A

(12)(C)1B

(12XO1C

(12)(C)2

(12X03

Solid waste spread in layers not to eiceed two (2) fett as much as
practical.

Solid waste compacted to smallest practical volume.

Cover material compacted as much as practical.

Equipment available and operated to spread and compact the solid
waste is received or at least when the accumulated waste reaches
200 cubic yards.

No solid waste disposed of in watei where the water interfered with
spreading and compacting 01 where the water is causing a mos-
quito problem.

•̂ L

Y-

ŷ.

*
(13) SAFETY

(13XO1

(13X02

(13XO3

U3XO4

(13KC)S

(13XO6 .

(14) RECORDS

(14HO1A

(14)(C)1B

(MKC)IC

(MXO1D

(UXO1E

(MXO2

fire titnguishers provided on all equipment.

Provisions for eitinguishirg fires m waste, equipment or struc-
tures.

Scavenging prohibited.

Controlled access limited to operating hours.

Tratht control wjns provided.

Dust control adequate.

* -.

;<sz
y
X

Records of complaints and major problems.

Records of dates of cover material application. —•

Records of vector control efforts.

Records of dust and litter control efforts.

Records of quantity of waste received. '

Records of location of general types 01 wastes ano depth ol fill. ..

M^B^M

•̂ •̂̂

mmm^̂ m

^^WV^H

•••̂ B

«— -

• 1 fc.

+-*"

V. Operation Proceeding in Accordance With Approved Engineer Plans? (If "No," describe violations under
"Remarks.") >^y

Yes * No %

REMARKS !T/7J'HA t^'^^^f.^ tSHrt'M SX ŝMW0e*r ~6** /VtfCMlUit

Attach add jona lheets as nece«ary

SIGNATURE OF INVLSTIGATOR
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1

1

1 •«

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

TABLE I - Results of Analysis
Westlake Landfill,

PARAMETER

pH (Std. Units)*

Specific Conductance (jjmhos/cm)

Alkalinity as CaC03 («g/D

Acidity as CaC03 (mg/1)

Total Solids (mg/1)

Suspended Solids (mg/1)

Volatile Suspended Solids (mg/1)

Grease (mg/1)

Chemical Oxygen Demand (mg/1)

Total Organic Carbon (ng/1)

Phenol (mg/1)

Fluoride (mg/1)

Chloride (mg/1)

Cyanide (mg/1)

Kjeldahl Nitrogen as N (mg/1)

Sulfate (mg/1)

Sulfide (mg/1)

Surfactant (MBAS) (mg/1)

Chromium (mg/1)

Copper (mg/1)

Iron (mg/1)

Lead (mg/1)

Nickel (mg/1)

Zinc (mg/1)

of Leachate From
Incorporated (1/23/78)

CONCENTRATION

6.0

3170

475

415

4030

392

223

56

3820

1090

1.02

0.5

330

. <0.1

83.2

580

<0.!

0.5

<0.5

1.60

31.0

<0.5

<0.3

10.8
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WESTLAKE LANDFILL

Classification; Class II, Priority 2

Site Name: Westlake Landfill

Address; Bridgeton, MO 63042. Between Old Rock Hill Road and New
Rock Hill Road east of Earth City
T 46 N, R 5 E, St. Charles Quadrangle

Waste Type: Organics, inorganics, solvents, pesticides, heavy metals,
acids, bases, plating wastes and radionuclides

Quantity; Unknown

Site Description:

The site is an active landfill on the Missouri River floodplain in St.
Louis County. The site has been reduced to two areas (see attached legal
description).

Present Owner: William McCullough, President, Westlake Landfill, Inc.,
Bridgeton, MO 63042

Environmental Problems Related to Site:

The site is an active permitted landfill which in the past accepted
unknown quantities of hazardous wastes. Excavation at the site in the
past reached the same depth as the groundwater. Unknown quantities of
hazardous materials have been deposited in direct contact with
groundwater. There is potential for contamination of groundwater and the
Missouri River which is less than one mile away, directly west of the
site.

•

Remedial Actions at Site:

The site was surveyed prior to expansion in order to separate the
demolition fill area from the area identified as containing hazardous
materials.

Area of Concern Related to Site:

The average natural ground elevation is 435 to 440 feet with groundwater
at a shallow depth. The alluvium underlying the river is one of the most
important aquifers in the state. Consequently, if contamination is
occuring from the landfill, it is threatening a vital aquifer resource.

General Geologic and Hydrologic Setting:

LOCATION; Longitude 90 26' 45"; latitude 38 46' 15", St. Charles
Quadrangle.

The landfill has been in existance for more than twenty years. For
most of that time period, landfilling has occurred on the Missouri River
floodplain. Landfilling also has taken place in a limestone quarry



I
adjoining the floodplain landfill. The quarry is in the St. Louis
Limestone which is present along the eastern slopes of the Missouri River
floodplain.

The early portion of the landfill operation included excavation and
filling below the floodplain and into the groundwater of the Missouri
River aquifer. Subsequent landfill operations generally were confined to
filling above the floodplain surface and also in the adjoining limestone
quarry. Except where operational procedures cause outbreaks of leachate
to occur in the quarry or runoff water to drain into the quarry, there was
no evidence of significant amounts of groundwater from the alluvial
aquifer entering the limestone. For the most part, the recharge, quite
limited to begin with, would be from the bedrock adjoining the alluvium
into the Missouri River aquifer rather than the aquifer recharging the
surrounding bedrock.

Groundwater monitoring indicates contaminant movement into the
alluvial aquifer in a generally northwesterly direction. However, such
monitoring to date is-inadequate to verify this indication or to
adequately characterize the nature of the alluvial aquifer in the vicinity
of the landfill.

The Missouri River floodplain sediments consist of 15 to 20 feet of
silt loam to very silty clay having moderate to high permeability. The
groundwater table occurs at depths of 15 to 20 feet below floodplain
level. Fluctuations of 5 to 15 feet occur during periods of high water
levels when there are prolonged wet seasons that affect the Missouri
River. Local wet or dry periods cause little effect other than recharge
directly through the landfill. This may be the most significant risk
posed by the Westlake Landfill, the poor soil covering procedures that
apparently occurred during landfill operation.

Beneath the silt loam, very silty clay surface soil of the alluvium,
the Missouri River alluvial sediments are characterized by a general
increase in grain size associated with increasing depth. The sand
increase becomes noticeable at depths of 20 to 30 feet with the percentage
of gravel beginning to occur at depths of 30 to 40 feet. These coarse
sediments, plus the large and perennial recharge of the river, cause the
alluvium to be one of the major and most important aquifers in the state.
Consequently, if contamination is occurring from the landfill, it is
threatening a vital aquifer resource.

Public Drinking Water Advisory;

There are no public water systems located in the immediate vicinity of
westlake Landfill. However, the site is less than one mile from the
Missouri River, which is the water source for St. Louis County Water
Company's North Plant. The intake for that plant is about eight miles
downstream from Westlake Landfill. Should contamination from the site
reach the Missouri River, the downstream public water system could be
affected.

Private wells located near the landfill may also be susceptible to
contamination.



I

Health Assessment;

The Westlake Landfill site has been found to be contaminated with 4000
tons of chlordane, trichloroethylene and toluene, and 7000 tons of low
level uranium ore wastes.

Chlordane is a broad spectrum insecticide that has been observed to cause
the following symptoms: blurred vision, confusion, ataxia, delirium,
coughing, abdominal pain, nausea, vomiting, diarrhea, irritability,
tremors, convulsions, anuria, and cancer in laboratory animals. It
attacks the central nervous system, eyes, lungs, liver, kidneys, and
skin. TCE or trichloroethylene is an animal carcinogen and is also
capable of causing the following symptoms: irritation of the eyes, nose
and throat; dermatitis; headache, dizziness, vertigo, tremors, nausea and
vomiting, irregular heartbeat, sleepiness, fatigue, blurred vision,
unconsciousness, and death. Damage occurs to the respiratory system,
heart, liver, kidneys, and central nervous system. Toluene has been
observed to cause irritation of the eyes, respiratory tract, and skin;
dermatitis, headache, dizziness, fatigue, muscular weakness, drowsiness,
lack of coordination, staggering gait, skin paresthesia, collapse and
coma.

Uranium is reported to cause adverse health effects in two ways: toxic
chemical effects including damage to the kidney and liver, pneumoconiosis,
pronounced changes in the blood and generalized injury; and radiation
effects including lung cancer, osteosarcoma, and lymphoma.

Analysis of the rates of fetal death, low birth weight, and malformations
for 1972-1982 showed no rate for the area significantly higher than the
state average.

A well survey and water sampling has been completed, and an exposure
questionnaire is presently being administered to selected residents near
the site. This investigation by the Missouri Department of Health has
found there are only four wells still in use in the area that are
downgradient from the site. One is used only occasionally and one is not
used for potable water at all. None of the wells sampled had detectable
amounts of any of the chemicals disposed of at the site. None of the
residents questioned so far appeared to have any adverse health effects
caused by materials disposed of at the site.

Based on available information, a health threat exists due to the toxic
effects of chemicals and low level uranium wastes buried at the site, and
the possibility that off-site migration of these materials might occur.
While there is no evidence of past or present exposure, the potential for
future exposure exists based on the possibility that off-site migration
might occur. Sampling and corrective containment and diversion should
continue at this site until risk to the public health can more accurately
be determined.

J
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WESTLAKE LANDFILL

Classification: Class III, Priority 14

Site Name: Westlake Landfill

Address: Bridgeton, MO 63042. Between Old Rock Hill Road and New
Rock Hill Road east of Earth City, St. Louis County
T 46 N, R 5 E, St. Charles Quadrangle

Waste Type: radionuclides

Quantity: 7000 tons of low level uranium ore wastes

Site Description:

The site is part of an active landfill on the Missouri River floodplain in
St. Louis County.

Present Owner: Westlake Landfill, Inc.,
Bridgeton, MO 63042

Environmental Problems Related to Site:

The site is an active permitted landfill which in tho. pnst accepted 7000
tons of low level uranium ore wastes. Excavation at the site in the past
reached the same depth as the groundwato.r. There is potential for
contamination of groundwater and the Missouri River which is less than one
mile away, directly west of the site.

Remedial Actions at Site:

The site was surveyed prior to expansion in order to separate the
demolition fill area firom the area identified ns containing hazardous
materials.

The Missouri Department of Natural Resources is the lend agency for this
site.

Area of Concern Related to Site:

The average natural ground elevation is 435 to 440 foot with groundwater
at a shallow depth. The alluvium underlying tho river is one of the most
important aquifers in the state. Consequently, if contamination is
occuring from the landfill, it is threatening n v i t a l aquifer resource.

General Geologic and Hydrologic Setting:

LOCATION: Longitude 90 26' 45"; latitude 38 46' 15", St. Charles
Quadrangle.
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The landfill has been in existence for more than twenty years. For most
of that time period, landfilling has occurred on the Missouri River
floodplain. Landfilling also has taken place in a limestone quarry
adjoining the floodplain landfill. The quarry is in the St. Louis
Limestone which is present along the eastern slopes of the Missouri River
floodplain.

The early portion of the landfill operation included excavation and
filling below the floodplain and into the groundwater of the Missouri
River aquifer. Subsequent landfill operations generally were confined to
filling above the floodplain surface and also in the adjoining limestone
quarry. Except where operational procedures cause outbreaks of leachate
to occur in the quarry or runoff water to drain into the quarry, there was
no evidence of significant amounts of groundwater from the alluvial
aquifer entering the limestone. For the most part, the recharge, quite
limited to begin with, would be from the bedrock adjoining the alluvium
into the Missouri River aquifer rather than the aquifer recharging the
surrounding bedrock. Near the bedrock quarry pit, however, the potential
exists for draining some alluvial water into this sump. Apparently, the
pit is dewatered on a continuous basis with the water pumped to discharge
in the alluvial setting. Groundwater monitoring indicates general
movement of the alluvial groundwater to the west nnd north.

The Missouri River floodplain sediments consist of 15 to 20 feet of silt
loam to very silty clay having moderate to high permeability. The
groundwater table occurs at depths of 15 to 20 feet below floodplain
level. Fluctuations of 5 to 15 feet occur during periods of high water
levels when there are prolonged wet seasons that affect the Missouri
River. Local wet or dry periods cause little effect other than recharge
directly through the landfill. This may be the most significant risk
posed by the Westlake Landfill, the poor soil covering procedures that
apparently occurred during landfill operation.

Beneath the silt loam, very silty clay surface soil of the alluvium, the
Missouri River alluvial sediments are characterized by a general increase
in grain size associated with increasing depth. The sand increase becomes
noticeable at depths of 20 to 30 feet with tho percentage of gravel
beginning to occur at depths of 30 to 40 feet. These coarse sediments,
plus the large and perennial recharge of the rivor, c.iusc the alluvium to
be one of the major and most important aquifers in the state.
Consequently, if contamination is occurring from the landfill, it is
threatening a vital aquifer resource.

Public Drinking Water Advisory:

There are no public water systems located in the immediate vicinity of
Westlake Landfill. However, the site is less than one mile from the
Missouri River, which is the water source for St. Louis County Water
Company's North Plant. The intake for that plant is nbout eight miles
downstream from Westlake Landfill. Should contamination from the site
reach the Missouri River, the downstream ptihlic wator system could be
affected.
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Private wells located near the landfill mny nlso l>r susceptible to
contamination.

Health Assessment:

Uranium is reported to cause adverse health effects in two ways: toxic
chemical effects including damage to the kidney and liver, pneumoconiosis,
pronounced changes in the blood and generalized injury; and radiation
effects including lung cancer, osteosarcoma, and lymphoma.

Analysis of the rates of fetal death, low birth weight, and malformations
for 1972-1982 showed no rate for the area significantly higher than the
state average.

An exposure assessment including a well survey, water sampling, and an
administrative exposure questionnaire wns completed for the site. This
investigation by the Missouri Department of Health has found there are
only four wells still in use in the area that nro downgradient from the
site. One is used only occasionally and one is not used for potable water
at all. None of the residents questioned appeared to have any adverse
health effects caused by materials disposed of nt the site.

Based on available information, a health threat exists due to the effects
of low level uranium wastes buried at the site, and the possibility that
off-site migration of these materials might occur. While there is no
evidence of past or present exposure, the potential for future exposure
exists based on the possibility that off-sito. migration might occur.
Sampling and corrective containment and diversion should continue at this
site until risk to the public health can more accurately be determined.
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ORIGIN OF MATERIAL AND HISTORY OF LICENSE

1342-1966 BELGIN CONGO AND DOMESTIC URANIUM ORES PROCESSED AT Î LLIfCKRQDL INCORPORATE), AT

DESTREHAN STREET FACILITY ON NORTH SIDE OF ST, LOUIS, AGREEMENT WITH U, S, , BELGIANS
WA,'(TH) OE RESIDUES (DAUGHTERS) RETURNED, MATERIAL HAS HELD BY U, S,, BUT NOT OMED

BY BELGIAN CONGO,

JAiJUARY 10, 1964 AEC-QAK RIDGE OPERATIONS OFFICE PUT OUT BID PACMGE TO SELL, AS LISTED IN BID
PACKAGE, TOTAL ORE RESIDUES OF 117,050 TONS OF RAFFINATE OR BARIUM SULFATE CAKE
CONTAINING APPROXIMATELY 191 TONS OF URANIUM, THE 8700 TONS OF &SO/, (LEACHED)
CONTAINING 7 TONS OF URANIUM WAS ITEMIZED AS PART OF THIS PACKAGE,

EARLY 1956 COWTINENTAL MINING AND MILLIE COMPANY, CHICAGO, ILLINOIS, LICENSE NO, SMA-862

PURCHASED FROM AEC-ORO, THE ORE ESIDUES WERE STORED AT ST, LOUIS AIRPORT, ORE
RESIDUES t€RE MAO TO 9200 LAITY AVENUE, IIAZELNOOD, MISSOURI,

DECEMBER 29, 1966 LICEISE M, SI-t-907 WAS ISSUED TO (MERCIAL DISCOUTff CORPORATION, CHICAGO, ILLINOIS
ALLOWING FOR POSSESSION OF ESIDUES, REMOVAL OF MOISTUE, AND SHIR'BfT TO COTTER

CORPORATION IN CANON CITY, COLORADO,

J" W 1967 CONTINENTAL MINING ATJD MILLING TERMINATED BUSIESS, COflTOIAL DISCOUNT CORPORATION OF
CHICAGO, ILLINOIS, TOOK PHYSICAL POSSESSION OF THE FACILITIES AND SOURCE MATERIAL
STOCKPILE,

Exhibi-f ̂ 3 -f\



DECEMBER 31, 1969 COTTER CORPORATION, CANON CITY, COLORADO, LICBJSE NO. SUB-1022 PURCHASED REMAINING

SOURCE mTERIAL AT LATTY AVENUE,

AUGUST TO COTTER TRANSPORTED FROM THE IATTY AVENUE SITE 10,763,41 TONS OF RESIDUE BY RAIL TO CANON

KTOBER 1973 CITY, COLORADO, 48,544,70 TONS OF RESIDUE AND SOIL CONTAINING APPROXIMATELY SEVEN
TONS OF NATURAL URANIUM WERE TRANSPORTED TO THE l€ST LAKE LANDFILL SITE,

APRIL 10, 23, AND REGION III INSPECTION AT HAZELWOOD, MISSOURI SITE AND CANON CITY, COLORADO OFFICE,

24, 1974

['AY 10, 1974 LICENSE SUBMITS FINAL SURVEY OF IATTY AVENUE SITE TO AEC LICENSING,

NOVEMBER 1, 1974 FINDINGS OF APRIL, 1974 INSPECTION BY REGION III ARE SENT BY LETTER FROM AEC tEADQUARTERS
TO COTTER CORPORATION ADVISING THAT DILUTION AND DISPOSAL OF ORE RESIDUES ARE NOT IN
KEEPING WITH INTENT OF PART 20, NO ITEMS OF INCOMPLIANCE,

NOVEMBER 13, 1974 AEC LICENSING TERMINATED LICENSE NO, SUB-1002,



INSPECTION HISTORY

IMS
WY 15, 17, AND AUGUST 4,

195t)

JANUARY 11, 1967

MARCH 27 AND APRIL 1, 1968

NOVEMBER 17, 1970

APRIL 10, 23, & 24, 1974

LICENSE
CONTINENTAL MIMING & MILLING COMPANY
LICENSE NO, SMA-862

CCffERCIAL DISCOUNT CORPORATION
LICENSE NO, SMC-907

WERCIAL DISCOUNT CORPORATION
LICENSE NO, SMC-907

COTTER CORPORATION
LIC0KE NO, SUB-1022

COTTER CORPORATION
LICENSE NO. SUB-1022

EMMS
5 ITEMS OF MICOMPLAINCE RE: INADEQUATE
POSTING, INADEQUATE SURVEYS & PERMISSIBLE
LEVEL OF RADIATION IN UNRESTRICTED AREAS

2 ITEMS OF NONCOMPLIANCE RE: PERMISSIBLE
LEVELS OF RADIATION IN UNRESTRICTED AREAS
AND INADEQUATE POSTING

2 ITEMS OF NONCCMPLIANCE RE: PERMISSIBLE
LEVELS OF RADIATION IN UNRESTRICTED AREAS
AND INADEQUATE SURVEYS

ONE ITEM OF NONOmiANCE RE: INADEQUATE
SURVEYS

DISPOSAL OF URANIUM BY DILUTION AND
BURIAL ARE NOT IN KEEPING HITH INTENT
OF AEC REGULATIONS. NOT CITED AS A
NONCOMPLIANCE
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CONCLUSIONS OF JUNE 22-24. AUGUST 11. 1976 INVESTIGATION

1, T}£ REMAINING ORE RESIDUES AT LATTY AVENUE SITE WERE MIXED WITH SOIL
TRANSPORTED TO THE VEST LAIC LANDFILL AS REPORTED BY TIC LICENSE DURING |

' "' M APRIL 1974 INSPECTION, HOICVER, THE RESIDUE-SOIL MIXTURE IS
COVERED BY APPROXIMATELY 3 FEET OF FILL AT WEST LAKE LANDFILL INSTEAD |
OF 100 FEET AS REPORTED BY THE LICENSE,

•

2, ENVIRONMENTAL SOIL SAMPLES INDICATE THE PRESENCE OF URANIUM ORE PROCESS •
RESIDUES REMAINING AT THE LATTY AVENUE SITE, BETA-GAPTIA SURVEYS PEfTOO -
BY RIII PERSONNEL AT THAT SITE ON AUGUST 11, 1976 INDICATE LEVELS OF I
RADIATION IN CERTAIN AREAS EXCEEDING THE CRITERIA ESTABLISHED BY THE
NRC FOR DECONTAMINATION OF LAND AREAS PRIOR TO RELEASE FOR UNRESTRICTtD |
USE,

3, BASED ON RADIATION ̂ASUREMENTS OF THE MATERIAL PRESENT AT THE WEST LAKE
LANDFILL AND THE LATIY AVENUE SITE NEITHER LOCATION PRESENTS AN MEDIATE I

•RADIOLOGICAL HEALTH HAZARD TO THE PUBLIC,

I
I
I
I
I
I
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I
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REC(WENDATIONS |

A JOT DETAIlfD EMROffENTAL EVALUATION OF THE LATTY AVENUE AND THE VEST
LAKE LAND FILL SITES SHOUU) BE PERFORMED, I

OAK RIDGE NATIONAL LABORATORY TO PERFORM THIS EVALUATION, ANY RECOftENDATIONS
WILL E MSED ON THE OAK RIDGE EVALUATION, I

I
I
I
I
I
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Chronology of Radioactive Waste
at West Lake Landfill

United States Government (Manhattan Project) J
Mallinckrodt (nuclear processing plant)

Destrehan Street, City of St. Louis

Nuclear Regulatory Commission
(formerly Atomic Energy Commission)

February, 1966

Continental Mining & Milling Co.

T

Commercial Discount Corp.

December, 1969

Cotter Corporation
(a subsidiary of Commonwealth Edison)

1942-1945

B & K Construction Co., Inc.

July-October, 1973

West Lake Landfill

1966

1967

1969?


